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ABSTRACT 


This  is  the  sixth  report  on  the  current  experimental,  theoretical, 
and  evaluative  program,  at  the  National  Bureau  of  Standards,  on  the 
thermodynamic  properties  of  selected  light-element  and  other  compounds 
of  primary  interest  in  high-tenperatxire  research.  The  emphasis  in  the 
NBS  work  has  been  on  the  sinpler  substances — metals  and  alloys,  a few  of 
the  oxidizer  compounds,  and  especially  the  combustion  products.  The  first 
part  of  the  report  discusses  the  accomplishments  of  the  various  NBS 
groups  in  the  program  during  the  past  year  and  their  plans  for  the  coming 
year.  The  development  of  new  apparatus  and  special  techniques  is  fast  ap- 
proaching the  stage  where  they  can  yield  original  data.  A method  recently 
developed  in  the  program  is  described  for  the  calibration,  to  an  accuracy 
of  1 to  2$,  of  the  electrical-energy  input  to  an  exploding  wire. 

During  its  first  two  years  the  program  was  limited  in  scope  to  the 
confounds  of  Li,  Be,  Mg,  At,  and  T1  with  the  elements  H,  0,  F,  Ct,  N,  and 
C.  During  the  past  year  practical  considerations  have  made  it  desirable 
to  expand  the  coverage  to  include  (a)  "mixed”  systems  of  the  simpler 
con5)ounds  of  Interest  (principally,  compounds  cont ainingrpairs  of  the 
above  metallic  element s%  and  (b)  compounds  of  a number  of  other  elements 
(especially  Zr,  Hg,  Pb,  W,  K,  Br,  I,  B,  and  Si). 

Several  surveys  of  the  existing  thermodynamic  data  on  the  expanded 
ensemble  of  substances  were  initiated.  These  are  up-to-date,  but  in 
most  cases  critical  evaluation  is  still  lacking.  Preliminary  results 
were  given  six  months  ago  (in  NBS  Report  7093) • The  coverage  in  the 
present  report  includes:  (a)  the  borates  of  Li,  Na,  K,  Ca,  and  Pb  (with 
"best"  values  for  the  heats  of  formation  of  about  25) J (b)  heats  of 
formation  of  "mixed"  oxides  (with  data  on  abort  25) J (c)  the  heats  of 
formation  of  inorganic  fluorine  compouBds  of  all  the  elements  (covering 
several  hundred  substances);  (d)  low-tenpe nature  heat-capacity  data  on 
various  compounds  containing  W,  Pb,  Br,  or  I (with  discussions  of  about 
20)j  (e)  high-tenperature  heat-content  data  (references  and  temperature 
ranges  for  several  hundred  substances);  and  (f)  phase  relations,  x-ray 
parameters,  and  heats  of  formation  of  intermetalllc  compounds  in  about 
12  binary  systems  of  the  elements  At,  Li,  Mg,  Si,  Ti,  and  Zr.  Also 
included  are  tables  of  ideal-gas  thermodynamic  functions  of  NF^, 
and  ^up  to  10,000°  K)  the  single-charge  positive  ions  of  approximately 
25  monatomic  gases. 


Charles  W.  Beckett 

Assistant  Division  Chief  for  Thermodynamics 
Heat  Division 
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PART  A.  SUMMARY  OF  RESEARCH  ACCOMPLISHMENTS  AND 
PLARS  FOR  FUTURE  WORK 


INTRODUCTION 

From  the  first  the  NBS  program  was  planned  and  implemented  to 
evaluate  and  provide,  so  far  as  possible,  all  the  major  thermodynamic 
properties  contributing  to  chemical  propulsion  under  equilibrium 
conditions.  The  first  phase  of  the  program,  now  largely  completed, 
is  the  evaluation  of  existing  data  and  the  computation  of  the  best 
tables  possible  therefrom.  The  second  phase,  active  from  the  beginning 
and  now  the  principal  one,  is  the  measurement  of  new  data,  both  with 
existing  apparatus  and  with  new  apparatus  that  has  had  to  be  developed. 

With  the  aim  of  maximizing  the  number  of  important  chemical  systems 
for  which  there  will  exist  a complete  set  of  satisfactory  thermodynamic 
properties,  the  experimental  program  is  with  few  exceptions  being 
deliberately  limited  to  the  simpler  compounds  involving  Be,  At,  Li,  Zr, 

H,  F,  0,  Ct,  and  N (potential  fuel  components  such  as-  hydrides  and  free 
metals,  potential  oxidizer  components,  and  resulting  combustion  products 
such  as  metal  fluorides  and  oxides) . As  the  data  status  on  two-element 
compounds  has  improved,  the  NBS  program  has  been  shifting  its  scope  of 
research  to  include  an  increasing  number  of  the  numerous  compounds  of 
"mixed”  type  (such  as  intermetalllc  compounds,  double  fluorides,  and 
oxyfluorides)  which  are  inevitably  important  when,  as  is  often  the  case, 
the  fuel  or  oxidizer  contains  two  oxidlzable  or  two  oxidizing  elements. 

The  behavior  of  a given  substance  in  propulsion  depends  on  the 
simultaneous  operation  of  a number  of  complementary  thermodynamic  proper- 
ties, with  no  regard  to  the  different  techniques  by  which  these  properties 
are  separately  measured  in  the  laboratory.  For  this  reason  the  follovrlng 
summary  of  plans  for  further  NBS  work  during  the  next  fifteen  months  is 
subdivided  by  class  of  substance  instead  of  by  property  or  method  of 
measurement.  In  this  summary,  the  plans  for  future  work  are  described  in 
relation  to  the  most  important  data  gaps  believed  to  exist  at  present. 
Following  the  summary  is  a more  detailed  account  of  the  accomplishments 
during  the  past  year  of  each  working  group,  and  of  its  plans  for  the  next 
fifteen  months. 


Metal  Hydrides  and  Intermetalllc  Compounds 

Except  with  discriminating  methods  like  spectroscopy,  accurate 
measurements  are  of  limited  value  except  on  samples  which  are  either 
highly  pure  or  else  well  characterized.  This  problem  has  been  most  acute 
with  some  of  the  metal  hydrides.  A series  of  NBS  measurements  of  the  heat 
of  formation  of  one  hydride,  probably  the  most  accurate  presently  in 
existence  for  this  compound,  is  nearly  completed  and  will  be  extended  only 
in  the  event  that  better  samples  become  available.  It  is  planned  to  make 
a systematic  survey  of  the  available  data  on  light-metal  hydrides  to  see 
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where  further  research  is  most  needed.  Those  of  next  priority  seem  to 
be  the  "two-metal"  hydrides.  Previously  unknown  entropies  of  relatively 
stable  hydrides  will  be  available  through  KBS  low-ten5)erature  calorimetry 
almost  completed  on  LIH  and  LlAtH^,  and  were  recently  calculated  for 
several  zirconium-hydride  conpositlons  from  earlier  KBS  work  in  another 
program. 

The  four  metals  being  enphaslzed  (M,  Be,  Al,  Zr)  form  six  possible 
pairs,  but  the  available  data  indicate  that  Be  forms  no  intermetallic 
compounds  or  solid  alloys  with  At  or  Li.  Upon  completion  of  the  current 
survey,  priority  will  be  assigned  to  two  of  the  remaining  four  pairs 
(At-Zr  and  At-Li).  The  corresponding  intermetallic  compounds  will  be 
studied,  with  analysis  and  possibly  density  measurements  on  those  samples 
which  can  be  procured. 


Oxidizer  Compounds 

Accurate  heats  of  formation  were  measured  earlier  in  the  program  for 
several  solid  perchlorates  (those  of  ammonium,  lithium,  sodium,  and 
potassium),  and  that  of  nitronium  perchlorate  (K02Ct0^)  is  expected  to  be 
completed  soon.  Proposed  plans  for  subsequent  work  on  a few  additional 
compounds  which  may  be  classed  as  oxidizers  include  not  solids,  but 
rather,  typical  simple  substances  in  the  K-O-F  system.  There  are  several 
practical  reasons  why  their  heats  of  formation  need  careful  determination, 
especially  the  following;  (l)  In  the  absence  of  actual  data,  the  heats 
of  formation  of  larger  molecules  containing  N-F  or  0-F  bonds  must  often 
be  estimated  and  conpared  using  bond  energies  derived  from  the  simpler 
molecules.  (2)  For  many  of  the  simpler  compounds  in  the  K-O-F  system, 
no  data  exist  or  those  that  do  exist  disagree  seriously — e.g.,  the  values 
for  OF2  cover  a range  of  14  kilocalories  per  mole. 

It  is  planned  that  after  the  combustion  calorimetry  on  aluminum  and 
beryllium  in  fluorine  discussed  below  have  been  completed,  the  heat  of 
formation  of  the  gas  OF2  will  be  measured  by  flame  calorimetry.  However, 
if  a sanple  of  OF2  is  unavailable  the  con^jound  NOF  may  be  substituted. 

Two  important  simple  N-F  compounds  are  NF„  and  N2F^.  Their  heats  of 
formation  were  measured  at  the  Bureau  in  other  programs,  which  will 
sponsor  further  measurements  on  N2F^  (heat  of  formation,  low-temperature 
heat  capacity  and  entropy,  and  the  microwave  spectrum  of  the  NF2  produced 
by  its  dissociation)  when  purer  samples  become  available.  However,  shock- 
wave  techniques  have  already  reached  a state  of  refinement  at  the  Bureau, 
and  the  present  program  plans  to  include  during  the  next  year  an  extension 
of  this  method  to  the  rate  of  dissociation  of  a simple  N-F  compound  such 
as  N2F^  or  NF^,  with  accompanying  spectroscopic  determinations  of  the 
composition. 
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Metal  Fluorldea  and  Ghlorldea 


The  planned  continuation  of  this  phase  of  the  experimental  program 
is  based  on  priority  of  materials  to  be  measured  in  the  order  (a)  one- 
metal  fluorides  (as  AtFo) ) (b)  two-metal  fluorides  (as  Ll^AtF^) j and 
(c)  chlorides  (as  BeC-tgJ.  Work  on  these  substances  involves  four 
different  apparatuses  and  methods  already  in  use  to  measure  heats  of 
formation,  entropies , and  heat  capacities  of  solids  (and  liquids) , and 
three  in  the  last  stages  of  testing  before  being  ready  for  measurements 
to  define  the  composition  and  the  heat  and  free  energy  of  formation  of 
the  corresponding  vapors • While  individual  problems  ( such  as  the 
tendency  of  BeF2  to  solidify  as  a glass , and  the  common  complexity  of 
most  of  the  metal-halide  vapors)  create  difficulties,  the  above  techniques 
are  virtually  capable  of  giving  a complete  set  of  thermodynamic  properties 
for  this  class  of  substances. 

The  one-metal  fluorides  and  chlorides  whose  heats  of  formation  have 
been  seriously  in  doubt  have  been  A^Fo j BeF2>  and  BeCt2.  Earlier  experi- 
mental work  in  the  program  provided  what  seems  to  be  an  accurate  value 
for  BeCt2,  and  is  expected  to  do  so  very  soon  for  AtF^.  The  existing 
published  values  for  BeF2  cover  a range  of  17  kilocalories  per  mole.  It 
is  planned  to  measure  the  heat  of  formation  of  this  compound  by  direct 
combustion  of  the  metal  in  fluorine , with  the  prospect  that  the  technique 
successfully  developed  earlier  for  AtF^  will  yield  so  near  complete 
combustion  as  to  give  an  unambiguous  result  for  BeF2. 

The  low-  and  high-t emperature  heat  capacities  of  the  one-metal 
fluorides  and  chlorides  are  generally  well-known  except  for  those  of 
beryllium.  (The  accepted  high-t emperature  results  for  LiF  and  LiCt  re- 
sulted from  NBS  mea sur ement s several  years  ago.)  Low-temperature  measure- 
ments are  planned  on  and  also  on  BeF2  and  BeCt2  if*  samples  can  be 

obtained.  Heat-capacity  measurements  on  some  two-metal  fluorides  also 
are  tentatively  planned:  At  low  temperatures,  on  or  Ll2BeF4}  at 

high  temperatures,  Ll^AtF^,  is  expected  to  be  completed  soon.  These  mixed 
fluorides  will  be  synthesized  by  melting  together  their  components  unless, 
as  seems  likely,  an  external  source  of  pure  samples  becomes  available. 
Although  the  important  AtF^-ZrF^  system  is  believed  to  form  no  stable 
”mixed-metal"  compound,  an  effort  is  being  made  to  verify  this  fact. 

With  the  above  types  of  thermal  data  available,  the  vapor-pressure 
curves  form  the  most  reliable  source  of  the  heats  of  formation  of  the 
vapors  of  such  relatively  involatlle  compounds  as  the  metal  halides  when 
the  vapor  composition  is  unambiguous  or  can  be  determined  independently. 

A new  vapor-pressure  apparatus  of  the  transpiration  type,  now  being  tested, 
will  be  used.  The  vapor  pressure  of  BeF2  and  LiF  have  been  measxired  with 
fairly  good  precision  elsewhere , although  the  composition  of  LiF  vapor 
is  complex  and  still  in  considerable  doubt . Mea  sur ement  s are  planned  on 
AtF^  in  inert  atmospheres  and  also  in  an  atmosphere  of  HF,  to  detect  and 
measure  the  possible  formation  of  At-H-F  gas  species.  If  the  latter 
search  gives  negative  results,  it  is  planned  to  make  mea  sur ement  s on  ZrP^, 
because  there  are  serious  discrepancies  in  the  existing  data. 
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The  extension  of  the  thermodynamic  properties  of  metal-halide  vapors 
to  very  high  temperatures  requires  an  accurate  knowledge  of  their  molecular 
structure,  and  for  this  purpose  a microwave  spectrometer  which  will  oper- 
ate up  to  about  1200°K  is  being  constructed.  If  high-temperature  tests 
in  the  near  future  show  as  satisfactory  sensitivity  as  the  instrument  has 
shown  at  room  temperature,  measurements  will  be  made  on  fluorides  and 
chlorides  of  aluminum  and  beryllium.  Diatomic  species  such  as  AIF  are 
believed  to  be  within  the  range  of  the  apparatus,  and  the  spectra  of 
more  complex  molecules  such  as  AtCtF2  and  corresponding  beryllium  species 
will  be  sought  for  study. 

Metal  Oxides.  Hydroxides,  and  Oxvfluorldes 

The  heats  of  formation  of  AtgO^,  Zr02j  Li20,  and  LiOH  are  believed 
to  be  known  reliably.  It  is  planned,  however,  to  measure  that  of  BeO, 
since  it  is  presently  uncertain  by  several  kilocalories  per  mole.  Although 
some  attention  has  been  devoted  to  the  possibility  of  obtaining  values 
for  the  "two-metal"  oxides  (such  as  A-t203*BeO,  for  which  a rather  uncertain 
value  is  available  by  an  indirect  method),  no  plans  were  made  for  such 
work  owing  to  the  apparent  lack  of  straightforward  techniques  and  the 
priority  of  other  tasks.  The  entropies  and  heat  capacities  of  the  one- 
metal  oxides  are  generally  well  known  to  near  the  respective  melting 
points.  It  is  planned  to  measure  the  heat  capacity  of  BeO  from  1200°  to 
1800°K,  and  that  of  BeO  • At 2^3  fi’om  room  temperature  to  1800°K,  as  recent 
attempts  to  procure  pure  samples  of  macroscopic  particle-size  promise  to 
be  successful.  The  entropies  of  these  two  compounds  are  in  doubt,  so 
that  heat-capacity  measurements  may  be  carried  out  over  the  low-temperature 
range  too. 

The  properties  of  oxide,  hydroxide,  and  oxyfluoride  gaseous  species 
of  the  above  metals  are  unknown  or  far  more  uncertain,  and  several  appa- 
ratuses are  being  developed  to  measure  them  at  the  high  temperatures 
required.  High  priority  will  be  given  to  obtaining  results  with  a newly 
acquired  mass  spectrometer,  with  investigation  first  of  the  Be-O-F  system. 
If  beryllium  oxyfluoride  molecules  are  detected,  it  should  be  possible  to 
evaluate  their  relative  importance  at  different  temperatures  and  pressures. 
Since  such  gaseous  systems  will  almost  certainly  contain  also  Be-0  and  Be-F 
species,  it  is  planned  to  perform  similar  complementary  experiments  on 
BeF2  alone  and  BeO  alone.  Some  work  on  these  two  compounds  has  appeared 
in  the  literature;  further  work  on  BeF„  will  serve  to  check  the  apparatus 
and  method,  and  work  on  BeO  is  expected  to  be  more  reliable  than  the 
earlier  results  by  allowing  the  vapors  to  diffuse  from  relatively  inert 
rhenium  containers.  If  definitive  results  are  obtained  on  the  Be-O-F 
system  soon  enough,  additional  tasks  ■undertaken  will  be  (l)  measurement 
of  the  rate  of  vaporization  of  in  vacuo  and  in  the  presence  of 

water  vapor  under  pseudo-equilibrium  conditions,  using  the  existing 
arc-image  furnace,  and  (2)  mass-spectrometric  studies  of  the  At-O-F  system. 
Important  gaseous  aluminum-hydroxide  species  would  undoubtedly  be  present 
in  the  former  system. 
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The  exploding-wire  experiment  is  another  method  currently  under 
development  to  study  metal-oxide  gas  systems  (such  as  Al-0  and  Zr-O)  at 
still  higher  temperatures  (2000°  - 6000°K)  and  up  to  pressures  as  high  as 
100  atmospheres.  The  apparatus  has  been  built  and  is  now  in  operation, 
but  before  measurements  on  the  extremely  transient  and  unusually  complex 
hot  system  can  be  converted  into  reliable  thermodynamic  data,  the  detailed 
instrumentation  and  conditions  of  operation  must  be  carefully  Investigated 
along  several  separate  lines.  High-speed  photographic  observations  and 
pressure  measurements  are  now  well  in  hand,  and  d;irlng  the  past  year  a 
major  goal  was  achieved  when  the  accuracy  of  measuring  the  total  electrical 
energy  entering  an  exploding  wire  was  verified.  Two  independent  types 
of  comparison  with  the  heat  energy  produced  gave  agreement  to  better  than 
2 percent,  which  is  considered  unusually  good  for  such  short  time  intervals 
(a  few  microseconds).  The  additional  phases  of  measurement  also  have 
been  under  study,  but  need  much  more  work  which  is  expected  to  occupy  the 
next  year.  These  phases  are  as  follows;  (l)  Time-  and  space-resolved 
vapor-density  measurements  will  be  undertaken  with  X-rays  (both  soft 
and  hard  to  accommodate  systems  containing  different  metals).  (2)  The 
metal  vapor  and  surrounding  gas  must  mix  thoroughly.  The  hydrodynamic  and 
diffusion  aspects  of  this  problem  are  being  Investigated  theoretically. 

The  experimental  approach  will  seek  empirically  the  conditions  of  power 
input,  wire  shape,  etc.  needed  for  uniform  explosion,  using  photographic. 
X-ray,  and  chemical  analytical  criteria.  (3)  To  determine  the  chemical 
composition  of  the  vapor,  it  is  planned  to  modify  an  existing  type  of 
grating  spectrograph  to  provide  adequate  time  and  space  resolution. 


Other  Substances;  Additional  Tables 

Light-metal  compounds  containing  B,  N,  C,  Mg,  and  T1  will  receive 
considerably  less  priority  than  those  discussed  above.  Among  the  nitrides 
and  carbides,  Be-N2  and  are  two  of  the  most  Important  lacking  heat- 

capacity  data,  and  there  are  tentative  plans  for  a series  of  measurements 
on  each.  In  addition,  heats  of  reaction  of  certain  beryllium  alkyls  are 
planned  in  order  to  determine  the  strength  of  the  Be-C  bond.  Methods  for 
preparing  pure  samples  were  reviewed  earlier  in  the  program.  The 
thermodynamic  properties  of  numerous  non-metal  boron  compounds  have  been 
measured  and  reviewed  thoroughly  in  earlier  programs  at  the  Bureau;  and 
in  a new  program  supported  by  the  Air  Force  the  heats  of  formation  of 
the  borides  of  aluminum  and  other  metals  will  be  measured  by  fluorine 
calorimetry.  Tables  of  the  thermodynamic  functions  of  approximately 
125  solids,  liquids,  and  gases  have  been  computed  and  issued  earlier  in 
the  present  program,  and  those  for  which  better  data  become  available  will 
be  revised. 
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1.  THERMOCHEMISTRY 


Experimental  Thermochemical  Studies; 

Measurement  of  the  heat  of  hydrolysis  of  nitronium  perchlorate, 
N02C-t0^,  has  been  started.  These  results  will  be  combined  with  data 
previously  determined  in  this  Laboratory  on  other  perchlorates  to  yield 
the  heat  of  formation  of  nitronium  perchlorate. 

Future  plans  include  measurements  on  the  heat  of  solution  of  BeCt2 
in  order  to  resolve  the  apparent  discrepancy  in  the  heat  of  formation  of 
the  solid  compound  between  the  work  of  this  Laboratory  and  unpublished 
data  from  Dow  Chemical  Company.  Planned  for  measurement  are  also  heats 
of  reaction  of  certain  beryllium  alkyls  to  determine  the  strength  of  the 
Be-C  bond,  and  the  heat  of  formation  of  beryllium  oxide. 

Tables  of  Thermodynamic  Properties  and  of  Heats  of  Formation; 

The  available  thermochemical  and  thermodynamic  data  on  the  confounds 
of  boron  with  hydrogen,  oxygen,  fluorine,  chlorine,  and  bromine  were 
reviewed,  and  a revised  set  of  selected  "best"  heats  of  formation  prepared. 
In  addition,  49  tables  of  thermodynamic  functions  were  calculated  for 
individual  boron  con^jounds  as  either  ideal  gases  or  condensed  phases.  A 
critical  discussion  of  the  data  used  was  Included,  to  serve  as  a guide  to 
the  reliability  of  the  values,  and  to  Indicate  areas  where  additional 
work  is  needed. 

Future  activities  of  the  con^iilation  group  will  be  directed  toward 
a comprehensive  review  of  the  available  thermochemical  data  for  a -complete 
revision  of  NBS  Circular  500.  This  will  include  all  of  the  compounds  of 
the  elements  of  Interest,  as  part  of  the  systematic  coverage  of  the  data. 
Special  reports  covering  particular  substances  will  be  prepared  as  the  data 
are  reviewed. 


2.  FLUORINE  CALORIMETRY 

The  heats  of  combustion  of  teflon  and  of  aluminum-teflon  mixtures 
in  fluorine  have  been  determined  in  a series  of  experiments.  At  the 
present,  only  preliminary  values  can  be  cited  for  the  heats  of  these 
reactions  as  some  calculations  remain  to  be  made  and  some  of  the  corrections 
are  not  completely  under  control.  The  energy  in  the  bomb  process 
(constant  volume)  for  the  reaction  of  fluorine  with  the  teflon  used  was 
found  to  be  10.344  kj/gram  as  the  mean  of  five  experiments  with  a standard 
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deviation  of  the  mean  of  0.007  kj/gram.  For  these  reactions  fluorine 
■was  initially  present  at  about  21  atm  pressure  and  the  product  was  CF^ 
with  no  higher  fluorocarbons  being  observed.  About  4 grams  of  teflon  in 
the  form  of  a powder  were  burned  in  each  experiment . 

For  the  combustion  of  al'umlnum-teflon  mixtures,  powdered  materials 
were  mixed  in  a proportion  of  about  1 part  alumln'um  to  4 parts  teflon  by 
weight,  the  amounts  being  sufficient  to  cause  a total  heat  release  of 
about  43  k j . In  these  experiment s , the  teflon  is  burned  essentially 
completely  to  CF^.  The  solid  product  (AtFo)  is  white  except  for  scattered 
traces  of  gray  material.  It  is  found  on  all  the  bomb  walls,  indicating 
that  at  least  part  of  the  reaction  occurs  in  the  vapor  phase.  The  product 
is  a fine  powder,  of  which  the  particle  size  has  not  been  determined. 

The  most  successful  combustions  have  been  carried  out  with  the  pellet  of 
aluminum-teflon  mixture  in  a shallow  recess  in  a nickel  or  monel  plate 
resting  on  the  bottom  of  the  bomb.  Rapid  thermal  equilibration  was  found 
to  occur  in  this  system,  whereas  in  some  earlier  arrangements,  the  equi- 
libration had  been  very  slow.  Using  the  energy  of  combustion  of  teflon 
described  above,  the  energy  of  combustion  of  aluminum  in  fluorine  under 
the  bomb  conditions  (i.e.,  constant  vol-ume,  and  21  atm  of  F2)  is  in  the 
neighborhood  of  1,490  kj/mole  (357  kcal/mole).  Because  of  uncertainties 
in  some  of  the  corrections,  at  the  time  of  writing,  an  -uncertainty  of 
about  one  percent  must  be  attached  to  this  value.  The  principal  uncer- 
tainty appears  to  be  in  a determination  of  the  heat  to  be  .attributed  to 
combustion  of  the  fuse.  A nichrome  fuse  with  aluminum  supports  was  used, 
and  combustion  of  the  fuse  was  not  complete  in  every  case.  The  quantity 
of  reaction  is  based  upon  the  sample  weight.  Our  preliminary  value,  which 
is  the  average  of  six  measurements,  agrees  with  that  determined  by  Gross 
and  co-workers  within  the  experimental  errors  as  known  at  this  time. 

Material  of  value  to  the  work  of  this  project  in  the  critical  evaluation 
of  heats  of  formation  of  fluorine  compounds,  has  been  obtained  in  an 
independent  project,  in  which  a complete  survey  of  material  related  to  the 
heats  of  formation  of  inorganic  fluorine  compo-unds  of  all  elements  has 
been  made,  covering  the  period  since  1948.  That  is,  it  begins  at  the 
close  of  the  literature  compiled  for  MBS  Circular  500. 

The  combustion  of  aluminum  in  fluorine  and  the  determination  of  the 
heat  of  formation  of  aluminum  fluoride  has  proceeded  to  a point  where  it 
can  be  stated  definitely  that  the  work  will  be  completed  by  September  30, 
1961.  The  study  of  beryllium  combustion  will  then  begin,  and  the  heat 
of  formation  of  beryllium  fluoride  will  be  determined  by  a similar  approach. 
The  heat  of  formation  of  lithium  fluoride  (crystal)  is  not  subject  to 
■uncertainties  as  large  as  those  which  we  have  named,  and  we  will  not 
expect  to  det ermine  it . If  time  and  personnel  assignments  permit , we  shall 
undertake  a study  of  the  heat  of  formation  of  0F2(g)  or  of  NOF(g) , depending 
partly  upon  the  availability  of  samples. 
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3.  LOW-TEMPERATURE  CALORIMETRY 


The  primary  fiinctions  of  the  low-temperature  heat-capacity  phase 
of  the  program  are  the  accurate  measurement  of  the  heat  capacity  of 
substances  of  interest  in  the  condensed  phases  from  about  15°  to  400°K 
and  the  calculation  of  the  thermal  functions  from  the  results  of  the 
measurements.  During  the  period  July  1,  I960  to  July  31>  1961,  the 
efforts  of  the  group  have  been  directed  also,  with  the  Increase  in  the 
number  of  elemental  species  important  to  the  program,  to  literature 
survey.  Investigations  of  methods  of  preparation  and  of  sources  of 
procurement  were  made  of  those  substances  where  heat  data  were  lacking 
or  considered  questionable.  Low-temperature  heat-capacity  data  were 
analyzed  wherever  available  and  joined  smoothly  with  high-temperature 
heat-content  data,  and  the  thermal  functions  were  calculated  from  the 
results  of  the  analysis. 

Measurements  were  completed  on  a high-purity  (99.9  percent)  BeO 
sample  in  the  form  of  pellets  prepared  by  compressing  and  sintering  a 
powder  of  "sub-micron"  size.  The  material  did  not  sinter  as  well  as 
materials  of  lower  purity  are  known  to  sinter.  The  pellets  were  very 
fragile  and  broke  readily  into  fine  particles.  The  analysis  of  the 
heat  data  showed  significant  deviation  from  results  previously  published. 
In  order  to  ascertain  whether  the  difference  is  caused  by  the  effect 
of  particle  size,  further  measurements  are  planned  on  BeO  of  larger 
particle  size  as  soon  as  a sample  becomes  available. 

Gross  (sample-plus-container)  measurements  on  LiAtH.  have  been 
completed  from  15°  to  320°K,  and  the  measurements  on  the  empty  container 
are  in  progress.  qt.  +.n  t.tUw  nr,  transition  was 


since  KBH^  as  well  as  other  alkali  borohydrides  are  known  to  have  solid 
phase  transitions.  The  gross  measurements  on  a LiH  sample  have  also 
been  completed.  Measurements  on  the  empty  container  are  expected  to 
start  soon.  Apparatus  was  designed  for  the  purification  of  AlCl^  and  for 
the  subsequent  transfer  in  the  liquid  phase  to  a platinum  sample  container. 
The  purification  of  klCl^  is  in  progress. 

Recently  published  low-temperature  heat-capacity  data  on  Li  and 
LiCt  were  analyzed  and  revised  tables  of  their  thermal  functions  were 
obtained.  Analysis  and  calculation  of  thermal  functions  were  extended  to 
the  following  compounds:  TiO,  TipOo,  Ti„0^,  TIO2  (rutile  and  anatase), 

Zr,  ZrOp,  ZrN,  and  ZrCt; . These  tables  were  issued  in  NBS  Report  No. 

7093  (January  1,  1961).^ 

The  phase  behavior  of  binary  systems  of  Li,  At,  Be,  Mg,  and  Zr 
fluorides  and  chlorides  was  investigated  preparatory  to  possible  procure- 
ment of  mixed  binary  compounds  of  these  halides  for  heat  measurements. 

The  restilts  of  this  study  were  given  in  NBS  Report  No.  7093.  Literature 
survey  of  heat  data  has  been  extended  to  compounds  of  lead  and  tungsten, 
and  these  results  are  given  elsewhere  in  this  report. 


observed.  Heat 


would  be  interesting 
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During  the  next  year  heat-capacity  measurements  in  progress  on 
LiH  and  LiAtH^  will  be  completed..  Measurements  will  be  completed  on 
AlGl^  which  is  now  being  prepared  for  the  measurements.  A sample  of 
BeO  of  large  crystal  size  will  be  irnrestigated  whenever  it  becomes 
available.  Measurements  will  also  be  made  on  an  At/C^  sample  now  on 
hand.  Depending  upon  the  conplexity  of  each  task  about  two  to  four  of 
the  following  substances  are  planned  for  study: 

a)  Li3AlF^,  This  substance  may  be  prepared  by  heating  stoi- 
chiometric portions  of  LIF  and  AIFq  to  a temperature  above  the  melting 
point  of  LiF  (848°  C) . The  melting  point  of  Li^AlF^  is  790°  C.  The 
subsequent  cooling  of  the  melt  should  yield  crystalline  Ll^AlF^j.  To 
save  time  it  is  hoped  that  this  material  could  be  prepared  elsewhere 

for  us.  Meanwhile,  samples  of  AlFj  and  LiF  will  be  obtained  for  possible 
preparation  of  Li^AtF^,.  A furnace  for  this  purpose  has  been  obtained. 

b)  BeCtp*  A group  willing  to  supply  a vacuumnsubllmed  sample 
free  of  A-tCA^,  FeCl^,  and  BeO  was  located.  As  soon  as  the  total  purity 
of  the  sample  that  group  intends  to  supply  can  be  firmly  established, 

a sample  will  be  purchased. 

c)  BeF2»  The  commercial  process  used  to  obtain  BeF2  by  thermal 
decomposition  of  (NH/)^eF^  at  about -’10Q0°C  3rields  a glassy  material. 
Sublimation  of  BeF2  and  decomposition  of  (NH^)2  BeF^  below  the  melting 
point  of  BeF2  (54B°C)  are  known,  to  yield  crystalline  BeF2.  Crystalli- 
zation from  a melt  containing  alkali  fluoride  is  also  known  to  yield 
crystalline  BeF2»  A possible  source  of  crystalline  BeF2  is  being  contacted. 

d)  Be0*At203.  Work  is  in  progress  at  NBS  to  prepare  this 
material,  probably  by  heating  a stoichiomaetric  mixture  to  about  1900°C. 

e)  2LiF*BeF2.  This  material  can  be  prepared  by  heating  a 
stoichiometric  milirture  to  about  500°  to  600°C.  Efforts  are  being  made 

to  have  a sample  prepared.  If  unavailable,  the  substance  will  be  prepared 
in  the  furnace  mentioned  earlier.  Samples  of  LiF  and  BeF2  are  available. 

f)  AlF:^~ZrFi  and  At20q-Zr0p.  Compounds  of  these  binary 
systems  are  ri6^  mowfiv  Eirt'Stftlc  rndWiires  of  these  systemis  miay  be  inves- 
tigated. 

g)  Bs3N2  and  LI3N,  These  substances  can  be  prepared  directly 
from  the  elemients.  Efforts  will  be  made  to  prepare  Be3N2  and,  if  time 
permdts,  Li^N  for  heat  measurements. 

B)  Others.  The  Interest  of  the  program  has  extended  to  compounds 
of  K,  Br,  I,  I^,  Pb,  and  W.  Possible  heat  measurements  on  some  of  these 
compounds  are  being  considered  with,  however,  a low  priority  in  mind. 
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4.  HIGH-TEMPERA.TURE  CM,ORIMETRY 


These  measurements  supplement  low-temperature  calorimetry  in  pro- 
viding enthalpy-temperature  data  on  which  the  thermodynamic  functions  of 
solids  and  liquids  are  based  and,  in  many  cases,  estimated  by  extrapolation 
to  still  higher  temperatures  if  the  actual  data  are  reliable.  In  contrast 
to  the  work  at  low  temperatures,  the  high-temperature  calorimetry  conducted 
in  the  present  program  uses  the  "drop  method"  exclusively.  The  two  avail- 
able apparatuses  are  adapted  to  two  adjoining  temperature  ranges  (300°- 
1200°K  and  1200°-1800°K) . Although  some  work  was  done  with  both  appa- 
ratuses during  the  past  year,  no  new  final  data  were  obtained  owing  to 
difficulties  of  the  three  most  formidable  types  commonly  encountered  in 
high-temperature  measurements  of  this  kind.  These  three  problems;  which 
are  discussed  below  under  separate  headings,  are  believed  to  be  under 
sufficient  control  for  reliable  measurements  soon. 

Finding  Inert  Container  Materials; 

Measurements  on  LloAlF,  over  the  range  273°-1200°K  were  undertaken. 

Since  it  had  proved  difficult  to  procure  a sample  of  this  congruently 
melting  compound,  samples  were  synthesized  by  melting  together,  directly 
in  the  sealed  calorimetric  container,  high-purity  LiF  and  sublimed  AtF^ 
in  stoichiometric  proportions.  The  thermodynamic  properties  indicate 
that  a silver  container  would  be  inert  to  the  sample . The  apparatus  did 
not  permit  exceeding  the  high  melting  point  of  AtF^.  But  there  was  good 
reason  to  believe  that  in  a reasonable  time  at  1173°K  this  solid  would 
completely  dissolve  in  the  molten  LIF  to  form  the  pure  liquid  mixed  fluoride, 
and  that  completion  of  this  process  would  be  verified  by  lack  of  upward 
drift  with  time  of  subsequent  enthalpy  measurements,  owing  to  the  con- 
siderable heat  of  fusion  of  aluminum  fluoride . 

After  a few  hours  of  such  heating,  three  subsequent  enthalpy 
measurements  at  the  same  temperature  showed  no  appreciable  drift  and 
thus  indicated  success  in  forming  the  pure  sample.  However,  a welded 
seal  of  the  silver  container  opened,  so  that  a considerable  amount  of  the 
sample  escaped  by  vaporization  during  each  run,  making  the  corrections 
too  large  to  be  reliable.  A Pt-1056Rh  container,  next  tried,  was  tight 
for  awhile,  but  sprang  a leak  before  any  measurements  could  be  made. 

This  parallels  a report  in  the  literature  that  this  alloy  failed  to  contain 
molten  Na^lF^^  above  1373°K,  as  well  as  earlier  difficulties  in  this 
laboratory  in  containing  molten  NaOH,  and  is  believed  to  be  due  to  inter- 
granular penetration  of  the  metal  without  the  occurrence  of  chemical 
corrosion.  Further  work  with  Li^lF^  has  been  postponed  till  a pre-formed 
sample  can  be  procured  that  requires  no  prolonged  heating  in  the 
calorimetric  apparatus. 

Accurate  Measurement  of  Sample  Temperatures  in  the  Furnace; 

This  is  no  problem  with  the  lower-temperature  apparatus,  owing  to  the 
large  Isothermal  region  afforded  by  a massive  silver  core.  In  the  case 
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of  the  higher-temperature  furnace,  where  silver  cannot  be  used  for  this 
purpose,  an  alumina  insert  was  procured  and  installed  in  the  center  of 
the  core  to  reduce  to  1 mm  or  less  the  gap  between  wall  and  suspended 
sample.  While  no  tests  of  the  modified  arrangement  have  yet  been  made, 
it  is  believed  that  the  improved  heat  conduction  will  hold  the  sample  much 
closer  to  the  measured  wall  temperature  than  earlier  tests  had  shown. 

During  the  past  year  this  apparatus  (for  enthalpy  measurements  up 
to  1800°K)  was  described  in  very  extensive  detail  in  an  KBS  publication.* 

The  top  of  the  ice  calorimeter  had  been  constructed  of  an  Fe-Co-Ni  alloy 
to  approximate  the  thermal  expansion  of  the  glass  container,  but  on 
standing  for  many  months  in  ice  or  cold  water,  this  alloy  began  to  corrode 
seriously.  The  rate  of  corrosion  was  recently  reduced  considerably  by 
the  well-known  expedient  of  setting  up  a permanent  electrical  potential 
which  keeps  the  alloy  cathodic. 

Procurement  and  Analysis  of  Pure  Samples: 

The  availability  of  pure  samples,  or  accurately  analyzed  ones  whose 
impurities  can  be  corrected  for,  is  necessary  for  accurate  measurements. 

The  NBS  Applied  Analytical  Research  Section  has  recently  been  able  to 
begin  the  careful  analysis  of  samples  of  AtFo  and  Al^C^.  An  extensive 
search  was  recently  made  for  sources  of  the  best  samples  of  the  substances 
listed  in  the  next  section.  Members  of  the  Reactor  Chemistry  Division, 

Oak  Ridge  National  Laboratory,  have  kindly  offered  to  assist  so  far  as 
possible  in  the  problem  of  obtaining  pure  samples  of  metal  fluorides  and 
mixed  metal  fluorides  for  this  program.  In  a long-term  program  of  their 
own  they  have  had  extensive  experience  in  determining  the  exact  phase 
relations  of  metal  fluoride  systems,  and  may  be  able  to  make  a few  tests 
soon  for  the  existence  of  stable  mixed  fluorides  in  some  of  the  heretofore 
^lninvestigated  systems  of  primary  chemical-propulsion  Interest.  In  addition, 
the  Oak  Ridge  National  Laboratory  has  recently  been  able  to  produce  BeO 
of  relatively  large  particle  size  which  may  be  available  on  a limited 
scale  for  NBS  measurements.  The  NBS  Engineering  Ceramics  Section  is 
cooperating  by  investigating  alternative  methods  of  preparing  the  pure 
mixed  oxide  BeO*At203  from  the  two  binary  oxides,  with  x-ray  examination 
as  a criterion  of  complete  compound  formation.  It  appears  feasible  to 
use  similar  tests  to  look  for  compound  formation  in  the  A120^-ZtK)2  system. 


*T.  B.  Douglas  and  ¥.  H.  Payne,  "New  Apparatus  for  the  Precise 
Measurement  of  Heat  Content  and  Heat  Capacity  from  0°  to  1500°C"  (in 
National  Bureau  of  Standards  Handbook  77,  "Precision  Measurement  and 
Calibration.  Vol.  II:  Selected  Papers  on  Heat  and  Mechanics," 

TJ.  S.  Government  Printing  Office,  Washington,  D.  C.,  Feb.  1,  1961, 
pp.  241-276).  (Most  of  this  report  was  originally  published  as  "Wright 
Air  Development  Center  Technical  Report  57-374>  Part  I.") 
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Plans  for  the  Next  Fifteen  Months: 


If  present  tests  of  apparatus  performance  progress  as  expected, 
the  enthalpy  of  over  the  range  273°-1200°K  will  be  measured  within 

the  next  three  months.  The  high-temperature  measurements  of  enthalpy 
planned  for  the  following  year  consist  of  BeO.AtpO^  (273°-1800°K) , 
Ll^AtF/  (273°-1200°K),  and  BeO  (12000-1800°K) . But  in  the  unlikely 
event  that  tests  described  in  the  preceding  section  reveal  stable 
compounds  in  t^i*^  Tr.— a»  _n  — 7.T>n_  cj-n-Q+.onna . on+hnimr  measure— 


5.  HYDRIDES  AND  INTERMETALLI C COMPOUNDS  OF  LIGHT  ELEMENTS 

The  work  on  the  light  metal  hydrides  was  continued.  Improvements  in 
synthetic  and  analytical  techniques  have  provided  a better  insight  into 
the  nature  of  the  structure  of  these  materials.  However,  there  are 
still  some  disturbing  facts  which  indicate  that  the  presently  accepted 
structures  are  not  perfect.  Most  of  the  samples  of  the  light-metal  hydrides 
were  used  by  the  group  making  heat-of-formatlon  measurements.  This 
work  will  be  sunmiarlzed  completely  in  a separate  report. 

The  studies  of  the  aluminum  hydride-trimethylamine  adducts  were 
reported  suspended  as  of  June  I960.  However,  one  preparation  was  made 
of  aluminum  hydride-bis-trimethylamine,  but  the  product  was  not  considered 
pure  enough  for  further  vapor-equilibrium  studies. 

A survey  has  been  made  of  the  alloys  and  Intermetalllc  compounds 
of  aluminum,  beryllium,  lithium,  and  magnesium  with  each  other  and 
with  silicon,  titanium  and  zirconium.  This  survey  contains  primarily 
phase-composition  relations,  crystallographic  data,  density  and  volume 
data,  and  heats  of  formation.  The  material  on  the  beryllium  alloys 
was  reported  in  the  last  semi-annual  report  (NBS  Report  7093,  January  1, 
1961).  The  data  on  the  other  systems  is  included  as  a separate  chapter 
in  this  report. 

Due  to  activation  of  projects  elsewhere,  the  preparation  of  binary 
light-metal  hydrides  will  be  deemphasized  at  the  Bureau.  Small  amounts 
of  these  materials  will  be  prepared  as  required  by  other  groups  in  the 
Bureau  or  by  the  overfall  ARPA  program.  Searches  will  be  continued  for 
better  methods  of  preparing  and  analyzing  the  light  hydrides,  and  liaison 
will  be  maintained  with  other  laboratories  with  the  aim  of  finding 
realistic  structures  for  these  materials.  As  an  aid  to  the  calculation 
of  heats  of  formation  of  these  materials,  samples  of  the  related  organ- 
ometalllc  compounds,  free  of  polar  adduct,  will  be  prepared  for  heat- 
of-formation  studies.  Research  will  be  performed  on  the  preparation  of 
mixed  hydrides  of  the  light  elements. 


ments  on  them 


obtained 
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Since  a satisfactory  heat  of  formation  has  not  been  obtained  for 
aluminum  hydride,  it  has  been  suggested  that  a study  be  made  of  the 
trimethylamine  adducts  of  aluminum  hydride  using  mass-spectrometric 
techniques.  By  this  means,  vapor  and  decomposition  pressures  may  be 
obtained,  along  with  decomposition  potentials  and  mass  data  for  the 
adduct.  By  using  the  heat  of  addition  of  the  trimethylamine  moiety 
to  the  aluminum  hydride  it  should  be  possible  to  arrive  at  a heat  of 
formation  of  aliaminum  hydride.  It  will  be  the  responsibility  of  this 
group  to  prepare  or  procure,  purify,  and  analyze  the  aluminum-hydride 
adduct,  and  to  coordinate  the  program  on  this  compound. 

The  survey  of  alloys  and  intermetalllc  compounds  of  the  light 
elements  will  continue.  The  study  of  specific  systems  will  be  pursued. 
This  phase  of  the  program  will  include  procurement  and  analysis  of 
samples,  and  determination  and  calculation  of  properties.  For  the 
present,  these  studies  will  be  limited  to  one  system. 

Purification  work  as  required  by  other  groups  will  be  carried  out 
on  request. 


6.  LIGHT -ELEMENT  EQUATION  OF  STATE 


The  over  all  objective  of  this  project  is  to  determine,  by  experi- 
mental measurements,  the  equation  of  state  of  selected  elements  (Be, 

At  and  Zr)  and  their  compounds  at  temperatures  between  2000  and  6000°K 
and  pressures  up  to  100  atmospheres.  The  immediate  objective  is  the 
systematic  exploration  of  the  exploding  wire  method  as  the  means  for 
producing  a two-component  (e.g.  At  vapor  and  oxygen),  high  temperature, 
high  pressure  system  so  that  the  thermodynamic  properties  of  the  system 
under  quasi-eqiiilibrium  conditions  may  be  measured.  Thus  far,  this 
study  of  the  feasibility  of  the  exploding  wire  method  has  entailed  the 
design,  construction  and  instrumentation  of  an  experimental  apparatus. 

It  has  also  required  the  exploration  and  development  of  techniques  of 
high-speed  observation  and  measurement,  so  as  to  permit  a time-resolved 
study  of  the  state  of  the  exploding  wire  system.  These  tasks  are  in 
various  stages  of  completion,  and  will  be  continued  during  the  next 
year. 

Activity  Summary  - July  1,  I960  to  June  30.  1961 

The  basic  design  of  the  experimental  setup  and  the  experimental 
method  are  described  in  some  detail  in  NBS  Report  6484  (July  1,  1959). 
During  the  past  year,  because  of  difficulties  with  unreliable  triggering, 
the  experimental  setup  was  modified  in  several  ways.  The  two  parallel 
spark  gaps  used  earlier  were  replaced  with  a new,  single  gap  which  is 
housed  in  a sealed  chamber.  This  chamber  is  charged  with  nitrogen  or- 
argon  in  order  to  reduce  the  problem  of  electrode  erosion  by  oxidation. 
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The  new  electrodes  are  made  of  a copper  alloy,  tipped  with  § tungsten- 
copper  material  known  as  "elkonite".  Tests  showed  that  these  electrodes 
withstood  the  high  current  (220,000  amps  peak)  discharges  somewhat  better 
than  the  smaller  tungsten-tipped  electrodes  used  earlier.  The  electronic 
triggering  circuit  was  also  modified.  The  trigger  spark  gap  and  the 
trigger  condensers  were  removed,  and  a high-energy  pulse  from  a thyratron- 
triggered,  15  kv  pulse  generator  is  now  used  directly  for  breaking  down 
the  spark  gap.  Test  results  show  this  new  setup  to  be  more  reliable . 

The  jitter  is  about  1 to  2 microseconds. 

The  main  effort  during  the  past  year  was  concentrated  on  the 
development  of  techniques  of  high-speed  measurement  for  determining 
the  state  of  the  exploding  wire  system  under  transient  conditions. 

The  techniques  for  measuring  the  current  and  the  voltage  in  the  discharge 
circuit  received  the  major  attention.  A new  coaxial  shunt  and  a special 
low  inductance  voltage  divider,  designed  and  constructed  for  this 
experiment  by  Mr.  John  H.  Park  of  the  Electrical  Instruments  Section  of 
this  Bureau,  were  installed.  In  addition,  a calorimetric  method  for 
calibrating  the  total  electrical  energy  dissipated  in  the  discharge 
was  developed.  Using  this  method, we  were  able  to  achieve  agreement 
to  within  1 to  2 percent  between  the  measured  electrical  energy  (obtained 
from  the  voltage  and  current  measurements)  and  the  measured  calorimetric 
heating  energy.  This  work  is  described  in  detail  in  Part  B of  this 
report . A full  report  is  soon  to  be  submitted  for  publication  in  the 
NBS  Journal  of  Research. 

Considerable  effort  was  also  devoted  to  the  development  of  techniques 
suitable  for  high-speed  photographic  observation  of  the  exploding  wire . 

A Beckman  and  Whitley,  Model  189  Framing  Camera  was  installed,  and  has 
been  used  to  make  preliminary  observations  of  the  explosion  phenomena . 

The  problem  of  multiple  exposure  Imposed  by  the  camera ' s slow  (1/25  sec) 
mechanical  shutter  has  been  overcome  by  the  development  of  a high-speed 
shutter.  This  shutter  is  made  up  of  two  parts:  a fast -opening  part  and 
a fast-closing  part . The  fast-closing  action  is  obtained  from  the 
blackening  of  a window  by  exploding  a series  of  parallel  lead  wire s . 

This  was  first  developed  by  H.  E . Edgerton  (Review  of  Scientific 
Instruments,  Vol.  27,  No.  3,  March,  1956) . The  fast -opening  part  of 
the  shutter  was  developed  specifically  for  this  experiment  and  represents 
an  original  contribution.  It  consists  of  a piece  of  aluminum  foil 
( approximately  1 in.  X 3 in.)  placed  directly  in  front  of  the  framing 
camera ' s diamond-shaped  stop  so  that  no  light  may  pass  into  the  camera. 

The  opening  action  is  obtained  when  a capacitor,  charged  to  high  voltage , 
is  suddenly  discharged  through  the  foil.  During  the  discharge  the  magnetic 
forces  set  up  by  the  passage  of  current  compress  the  foil  toward  its  cen- 
ter line,  thus  allowing  light  to  pass  into  the  camera . Experiments 
showed  that  the  shutter  is  75%  open  in  60-80  microseconds.  At  the 
present  time,  another  shutter  of  this  type  is  under  development . In 
this  case  two  slightly  overlapping  foils  are  used  to  prevent  passage  of 
light  into  the  camera.,  The  foils  are  arranged  to  form  the  two  arms 
of  a loop  circuit . Hare  the  Increased  magnetic  forces  inside  the  foil 
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loop  may  be  expected  to  give  still  faster  opening  action.  The  use  of 
this  combination  fast-opening,  fast-closing  shutter  with  the  framing 
camera  will  permit  high-speed,  time-resolved  photographic  observation  of 
any  portion  of  the  exploding  wire  phenomenon. 

For  the  pressure  measxirement , the  transient  pressure  in  the  exploding 
wire  vessel  during  the  explosion  was  measured  by  means  of  a water-cooled, 
strain-gauge  type  pressure  transducer.  Although  there  was  some  difficulty 
with  arcing  from  the  exploding  wire  to  the  transducer,  this  technique 
may  be  considered  fairly  well  developed. 

For  the  density  measurements,  a simulated  x-ray  system  was  set  up 
for  working  out  the  various  problems  associated  with  measuring  the  density 
of  the  exploded  wire  vapor  by  soft  x-ray  absorption.  In  this  system, 
different  thicknesses  of  At  foil  are  used  to  simulate  the  variable -density 
At  vapor.  The  time  features  of  the  experiment  are  simulated  by  passing 
the  x-ray  beam  through  a hole  in  a rotating  wheel.  The  intensity  of  the 
transmitted  beam  is  detected  by  means  of  a Nal  crystal  bonded  to  a 
photomultiplier,  the  output  of  which  is  displayed  on  an  oscilloscope. 

This  system  has  not  progressed  to  a point  where  it  can  be  applied  to 
the  exploding  wire  experiment.  In  addition  to  this  soft  x-ray  work,  a 
four-channel  flash  x-ray  system  was  ordered.  This  unit  will  be  used  to 
study  the  density  distribution  of  heavier  vapors  (such  as  zirconium 
and  titanium)  and  the  breakup  process  of  the  wire  in  the  solid  and 
liquid  states. 

Some  work  has  also  been  done  toward  modifying  a Jarrell-Ash 
spectrograph  for  the  time-resolved  determination  of  composition  in 
the  exploding  wire  system  by  spectrographic  studies. 

Another  phase  of  our  work,  a theoretical  study  of  the  hydrodynamic 
aspect  of  the  exploding  wire  system,  was  initiated  during  the  past  year. 
This  study  will  concentrate  primarily  on  the  analysis  of  the  flow  field 
surrounding  the  exploding  wire  and  the  diffusion  at  the  interface 
between  the  expanding  wire  vapor  and  the  surrounding  gas.  Thus  far 
this  work  has  included  a review  of  the  open  literature  on  related 
problems  with  cylindrical  shocks. 

Plans  for  Period  July  1,  1961  to  September  30.  1962 

The  work  in  this  next  period  will  be  a continuation  of  all  phases 
of  the  work  described  above.  Special  attention  will  be  given- to  the 
remaining  problems  in  the  determination  of  the  density  and  composition 
of  the  wire  vapor  as  a function  of  space  and  time,  by  means  of  x-ray 
and  spectrographic  measurements!  Concentrated  effort  will  also  be 
devoted  to  the  problem  of  mixing  of  the  metal  vapor  and  the  surrounding 
gas.  It  is  hoped  that  the  solution  to  these  problems  can  be  worked  out 
in  sufficient  detail  in  the  next  15  months,  so  that  a full-scale  effort 
may  later  be  made  in  the  determination  of  the  data  of  state  of  the 
mixed  system  under  conditions  of  high  temperature  and  high  pressure. 


15 


7.  SHOCK  WAVE  DETEEKENATION  OF  THERMODYNAMIC  DATA 


The  objective  of  the  NBS  shock  tube  progrsm  Is  the  determination 
of  thermodynamic  and  rate  data  for  atmospheric  gases  (air,  O2,  Ng,  NO) 
by  the  method  of  shock  wave  compression.  In  the  next  fiscal  year  part 
of  the  effort  will  be  devoted  to  research  on  one  of  the  sinple  N-F 
confounds  such  as  N2F^  or  NFt.  Most  of  the  previous  activity  in  this 
program  has  been  concerned  with  the  refinement  of  techniques  for  the 
measurement  of  data  for  the  gas  behind  the  shock  wave.  In  preliminary 
experiments  with  Mach  1.6  to  2.0  shocks  in  air  the  density  (interfero- 
metric) and  shock  velocity  (with  light  screens)  were  determined  with 
an  accuracy  of  1 percent j pressure  measurements  (with  a pressure  trans- 
ducer) were  accurate  to  3 percent.  Similar  measurenEnts  along  with 
spectroscopic  composition  .determinations  will  be  employed  in  an  inves- 
tigation of  the  rate  of  dissociation  of  NgF^  behind  weak  shock  waves. 
Plans  were  made  to  set-up  the  spectroscopic  equipmerrt  soon  after  July  1, 

1961. 


8.  HIGH-TEMPERATURE  MICROWAVE  SPECTROSCOPY 

Microwave  spectroscopy  offers  considerable  promise  for  obt aining 
detailed  structural  information  on  some  of  the  simpler  molecular  species 
which  exist  in  high-temperature  systems.  The  microwave  spectrum 
provides  very  accurate  values  of  the  moments  of  inertia  of  a molecule, 
as  well  as  information  on  vibrational  energy  levels  and  other  molecular 
properties.  A microwave  spectrometer  which  will  operate  up  to  800°- 
1000°C  has  been  under  construction  for  this  project.  The  spectrometer 
consists  of  a folded  nickel  waveguide  suspended  in  an  evacuated  tank. 

The  nickel  Stark  electrodes  are  supported  by  ceramic  spacers.  Resistance 
heating  elements  are  mounted  parallel  to  the  waveguide . The  various 
conponents  have  been  assembled  and  tested  at  room  temperature.  The 
spectrometer  showed  satisfactory  sensitivity  and  resolution  in  these 
room-temperature  tests,  which  indicates  that  the  waveguide  design  is  prob- 
ably suitable  for  hlgh-tenperature  operation. 

As  soon  as  the  final  engineering  details  are  taken  care  of,  prelim- 
inary heating  tests  will  be  made.  The  spectromet er  performance  at  high 
tenperatures  will  be  checked  by  observing  the  known  spectra  of  suitable 
salts.  The  first  new  systems  to  be  studied  will  probably  involve  the  hal- 
ides of  aluminum  and  berylliumo  The  three  most  promising  systems  for  the 
initial  studies  are:  (l)  the  Al-AlClo  system,  where  it  should  be  possible 
to  detect  the  spectrum  of  AtCl,  and  possibly  that  of  A-tCloJ  (s)  the 
At-AtF3  system,  where  similar  studies  could  be  made;  (3)  the  BeCt2“B®F2 
system,  where  there  is  a chance  of  detecting  the  spectrum  of  BeFCt . 
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9o  HALIDE  SOLID-VAPOR  EQUILIBRIA  (TRANSPIRATION  METHOD) 


Construction  of  a transpiration  apparatus  and  associated  controlling 
mechanisms  has  been  completed o Preliminary  measurements  of  the  vapor 
pressure  of  Calorimetry-Conference  Standard-Sample  benzoic  acid  at 
100®C  have  been  started.  These  measurements  will  permit  evaluation  of 
the  behavior  of  the  flow  apparatus  independently  of  the  furnace. 

It  is  the  purpose  of  this  section  to  describe  the  new  apparatus 
with  special  emphasis  on  those  features  by  which  it  differs  from  previous 
transpiration  equipment. 

Furnace ; 

The  Pt-20^  Rh  wire  wound  resistance  furnace  is  one  meter  long  with 
a 42-cm  copper  cylinder  at  the  center  designed  to  minimize  temperature 
gradients.  Preliminary  ejperiments  indicate  that  the  gradients  over 
this  42  cm  region  can  be  held  to  about  0.5°C  by  supplying  heat  to  the 
ends  of  the  furnace  by  other  heaters  associated  with  5 cm-long-copper 
cylinders.  The  copper  is  contained  in  an  inert  gas  to  prevent  corrosion 
and  consequent  reduction  in  thermal  conductivity  and  melting  point.  An 
alternative  nickel  core  has  been  made  to  permit  furnace  operation  up  to 
1700°K.  Furnace  tenperatures  are  mieasured  by  Pt/Pt-10^  Rh  thermocouples 
and  controlled  to  ±0.15°  by  Leeds  and  Northrop  three-mode  controllers 
feeding  to  magnetic  aiiplifiers. 

Flow  System; 

The  inert  gas  flow  into  the  transpiration  apparatus  is  monitored 
qualitatively  by  two  National  Instrument  Laboratories  Vol-0-Flo  meters 
with  ranges  of  3 to  100  and  10  to  300  ml/min.  These  meters  can  be 
read  to  about  0.2^  of  the  full  scale  deflection. 

After  passing  through  the  vapor  cell  and  condenser  the  inert  gas  is 
collected  in  an  American  Meter  Company  60-liter  "meter  prover"  which 
measures  the  total  volume  continuously  at  a pressure  within  0.002^  of 
atmospheric  pressure.  The  "prover"  volume  can  be  measured  with  a precision 
of  0,03%  or  better  for  a normal  experiment.  The  gas  is  collected  over 
vacuum-pump  oil,  with  precautions  to  minimize  absorption  of  gas  by  the 
oil. 

Vapor  Cell  Condenser; 

The  vapor  cell  and  condenser  are  made  of  Pt-10^  Rh.  The  essential 
featiires  of  the  design  are  concentric  construction  (after  Beusman*)  and 
the  use  of  pyrolytic  graphite  to  prevent  sticking  of  metal  surfaces  at 
high  teii5)eratures.  The  vapor  cell  is  20  cm  long  and  1.1  cm  in  diameter. 

The  two  sample  boats  are  made  of  Pt-10^  Rh. 


*C.  Beusman,  "Activities  in  the  KCt-FeCt2  and  LiCt-FeCto  Systems", 
Oak  Ridge  National  Laboratory,  ORNL-2323  (195?) . 
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The  concentric  design  aids  in  bringing  the  flow  gas  to  the  furnace 
tender  at  ure.  A l-mm-Io  D.  capillary  of  10  cm  length  separates  the  vapor 
cell  from  the  condenser  and  minimizes  vapor  transport  by  diffusion  and 
heat  loss  out  the  ends  by  radiation.  The  major  features  of  the  apparatus 
are  illustrated  in  the  acconpanying  figure. 

Measurenents  on  Benzoic  Acidi 

The  few  prellmlnaiy  measurements  which  have  been  made  on  benzoic 
acid  indicate  the  following  advantageous  features  of  the  present  design. 

(1)  The  sample  mass  lost  from  the  boats  can  be  compared  with  the 
mass  gained  by  the  condenser.  Preliminary  experiments  indicate  that  these 
two  methods  agree  within  the  precision  of  weighing  the  condenser. 

(2)  The  use  of  two  boats  of  nearly  identical  dimensions  permits 
extrapolation  to  low  flow  rates  for  measurements  at  flow  rates  too 
high  for  attainment  of  saturation.  This  may  eliminate  the  need  for 
conplete  saturation  in  an  actual  experiment  if  this  is  inconvenient  to 
achieve. 

(3)  The  vapor  cell  design  will  permit  saturation  of  the  flow  gas 
at  flow  rates  which  are  relatively  high  for  a transpiration  measurement. 

The  present  measurements  indicate  that  99^  of  saturation  is  achieved  for 
benzoic  acid  at  100°C  (vapor  pressure  about  1 mm)  with  an  argon  flow 
rate  of  35  ml/mln. 

The  values  for  the  vapor  pressure  of  benzoic  acid  determined  by  these 
measurements  agree  with  those  obtained  by  Davies  and  Jones*  within  the 
estimated  precision  of  either  experiment  (about  1^).  The  tests  on 
benzoic  acid  will  be  continued  in  order  to  evaluate  other  features  of  the 
apparatus  such  as  reproducibility  of  measurements  and  starting  and 
stopping  errors.  Certain  improvements  in  the  apparatus  are  already 
planned  as  a result  of  these  preliminary  tests. 

Future  Plans; 

Following  completion  of  the  benzoic  acid  tests  the  system  (AtF^  + 
argon)  will  be  studied  between  1150°  and  1400°K.  It  is  believed  that 
this  study  may  help  to  clarify  the  problem  of  association  in  saturated 
aluminum  fluoride  vapor. 

Modifications  in  the  existing  flow  system  will  precede  study  of  the 
(AtFq  + HF)  system.  Preliminary  order-of -magnitude  experiments  are 
planned.  If  these  indicate  appreciable  reaction,  quantitative  measure- 
nents  will  be  made.  It  is  anticipated  that  empirical  volatility  data 
itself  would  have  practical  utility,  but  in  addition  it  is  hoped  that 
such  data  would  be  interpretable  in  terms  of  heats  and  equilibrium  constants 
of  specific  chemical  reactions. 


*M.  Davies  and  J.  Ifor  Jones,  Trans.  Faraday  Soc.  1042  (1954). 


18 


I meter 


CO 

a 

o 

•H 

-P 

e 

cej 

CD 

e 

O 

CD 

73 

(D 

o 

I — 1 

e 

-p 

I — i 

Ch 

•H 

c3 

<Ph 

rH 

CO 

CD 

CD 

ctl 

!>^ 

a 

PP 

1 — 1 

X 

o 

CD 

PP 

-P 

-p 

t>s 

pi 

p. 

P 

CD 

pi 

cO 

u 

o 

(D 

CD 

t — 1 

U 

03  O CD  cO  O to 


rH  Jh 
•H  O 

a 

CtJ  *H 


XI  -H 
C -H 


a 

e d>  (D 

T3 

(Dae 

o o 


to  -p 
e pi 


osS'=<tHooo 


0^0  '~l  cyc^-^irxvp 


e 

CD 

•xi 

e 

•H 


73 

(D 


o 

to 

Pi 

O 

bJD 

<D 

CD 

-P 

e 

e 

-P 

-P 

O 

•H 

•H 

•H 

•H 

CD 

CO 

CO 

x: 

X 

e 

CO 

cd 

cx 

Pi 

e 

o 

o 

(d 

cd 

o 

Pi 

CO 

Pi 

o 

Pi 

Pt 

tcO-p 

fcU) 

CD 

CD 

cd 

1 — 1 

-P 

-P 

e 

o 

o 

o 

cd 

CD 

pi 

a 

•H 

X 

•H 

-p 

CO 

I — 1 

e 

o 

•H 

CD 

CD 

fi 

a 

•H 

X! 

X! 

1 — 1 

1 — i 

1 1 

•H 

DP 

PP 

O 

Pi, 

o 

CD 

fn 

1 

CO 

cd 

1 

-P 

1 

-P 

6 

cd 

CO 

cd 

O 

O 

(X 

pL, 

pp 

CO  PP 

PQ 

I — 1 

cv 

c^ 

-st  VPl  sO 

7 

8 

19 


SCHEMATIC  DRAWING  OF  TRANSPIRATION  APPARATUS  (Note  that  horizontal  and 
vertical  scales  differ.) 


Since  the  existing  vapor  pressure  data  for  ZrF^  indicate  considerable 
uncertainty  as  to  pressure  and  vapor  conposition,  it  is  planned  to  study 
the  system  (ZrF^  + argon)  between  925°  and  1200°K, 

10.  VAPORIZATION  OF  REFRACTORY  SUBSTANCES 


The  general  philosophy  of  the  experimental  program  to  study  the 
vaporization  of  refractory  oxides  and  similar  substances  was  discussed 
in  the  FoTirth  Technical  Summary  Report,  NBS  Report  No.  6928,  page  12 
(July  1,  i960).  The  discussion  centered  around  four  measuring  techniques 
which  were  under  development  at  that  time.  Progress  in  the  development 
of  the  techniques  and  changes  of  enphasls  during  the  ensuing  period  are 
summarized  below.  Plans  for  continuing  the  activity  during  the  forth- 
coming year  are  then  presented. 

Statement  of  Accomplishments  July  1.  I960  - June  30.  1961; 

1.  Mass  Spectrometrlc  Technique. 

Owing  to  the  importance  of  this  approach,  much  of  the  experimental 
work  of  the  group  has  been  subordinated  to  the  task  of  expediting  the 
construction,  installation,  and  testing  of  this  apparatus,  and  to  training 
personnel.  The  direction-focussing  mass  spectrometer,  custom  built  by 
Nuclide  Analysis  Associates,  State  College,  Pa.,  has  now  been  installed 
at  NBSo  During  the  year  preliminary  testing  of  the  apparatus  was  carried 
out  at  State  College,  and  one  member  of  the  group  also  spent  a three- 
month  training  period  with  W.  A.  Chupka  at  the  Argonne  National  Laboratory. 
The  last  few  months  since  installation  have  been  devoted  to  a final 
checking  of  the  instrument,  to  the  removal  of  minor  "bugs"  or  incon- 
veniences in  its  operation,  and  to  calibration  of  the  Knudsen-cell  inlet 
system,  A temperature  controller  for  use  with  the  Knudsen  cell,  primarily 
in  the  1800-2500°C  temperature  range,  has  yet  to  be  obtained.  Data  on 
the  power  requirements  of  the  electron-bombardment  heat  source  have  also 
been  obtained,  and  will  be  used  as  basis  for  designing  the  controller. 

The  apparatus  is  now  ready  for  definitive  measurements  to  be made  on  selected 
systems,  at  least  in  the  temperature  range  up  to  1800°C. 

2.  Image  Ftirnace  Technique. 

Initial  effort  was  devoted  to  the  adaption  or  modification  of 
the  commercial  arc  image  furnace  in  order  to  make  measurements  of  rate 
of  vaporization  within  reasonably  well  defined  limits  of  precision.  Two 
modifications  permitted  the  arc  to  be  operated  at  300  amps,  without 
overheating  the  ellipsoidal  mirror.  The  measurement  of  the  temperature 
of  the  heated  saii?)le  was  a major  problem,  but  the  overall  uncertainty  of 
corrected  values  has  been  considerably  reduced;  Visual  flicker  when 
observing  the  surface  with  an  optical  pyrometer  has  been  eliminated  by  speed- 
ing up  the  beam-chopping  mechanism.  The  rotating  shutter  and  sector  disc 
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which  form  integral  parts  of  the  mechanism  were  redesigned  to  give  a more 
\zniform  chopping  action.  A technique  was  also  developed  for  obtaining 
an  approximate  value  of  the  emittance  of  the  surface  and  will  be  useful 
in  converting  observed  brightness  temperatures  to  true  temperatures. 

MeasTirements  of  the  rate  of  vaporization  of  aluminum  oxide 
as  a function  of  the  pressure  and  composition  of  a surrounding  gas 
phase  have  commenced.  Assuming  the  heated  surface  is  always  the  same, 
the  precision  of  measured  rates  of  vaporization  vacuo  is  about  ±50^. 
Temperature  fluctuations  account  for  much  of  the  uncertainty,  but  better 
measurement  and  control  of  the  area  of  the  heated  surface  can  be  readily 
effected  and  should  lead  to  a significant  Inprovement  in  the  precision. 

In  the  meantime,  exploration  of  the  problems  Involved  in  introducing 
controlled  partial  pressures  of  other  gases,  such  as  into  the  system 

is  progressing,  and  preliminary  data  is  being  obtained. 

Using  the  arc  image  furnace,  a technique  has  also  been  developed 
for  vacuum-sealing  a piece  of  tungsten  inside  an  aluminum  oxide  sample. 

The  usefulness  of  this  type  of  sample  is  under  Investigation,  as 
discussed  below. 

3o  Microbalance  Technique . 

By  vacuum-sealing  a piece  of  tungsten  inside  an  aluminum  oxide 
sample  (as  mentioned  above)  it  has  been  found  possible  to  obtain  rates 
of  vaporization  of  the  sample  by  suspending  it  in  vacuum  from  a micro- 
balance and  heating  it  by  induction.  This  method  is  comparatively  free 
of  the  errors  which  were  encountered  when  the  sample  was  enclosed  with 
an  external  heater,  but  it  is  too  early  to  define  how  far  the  approach 
will  be  limited  by  diffusion  of  tungsten  through  the  alumina.  Measurements 
up  to  about  1700°C  have  so  far  been  made,  but  they  will  be  extended  to  higher 
temperatures  before  a full  analysis  of  the  data  is  made. 

4o  Knudsen  Effusion  Technique. 

Little  progress  with  this  technique  has  been  made,  owing  to  the 
transfer  of  personnel  to  the  mass  spectrometrlc  technique.  Measurements 
of  absolute  effusion  rates  of  the  equilibrium  vapors  is,  however,  not 
outmoded  by  the  mass  spectrometrlc  approach,  because  the  accuracy  of 
the  latter  method  is  limited  by  approximate  values  of  the  ionization 
cross-sections  of  the  molecules.  Interest  in  the  technique  is  being 
maihtained,  therefore,  but  an  active  program  is  severely  restricted  by 
man-power  shortages.  In  particular,  the  long-standing  search  for 'rhenium 
Knudsen  cells  has  continued.  A suitable  composition  from  which  to  produce 
the  cell  is  believed  to  have  been  found,  and  fabrication  work  on  a cell 
is  in  progress. 

Program  Plans  July  1.  1961  - October  1.  1962 

The  following  summarizes  in  order  of  priority  the  plans  for  the  next 
15  months.  The  plans  reflect  the  current  belief  that  major  experimental 
problems  will  not  restrict  progress,  except  as  Indicated. 
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Mass  Spectrometrlc  Technique. 

1.  Identification  of  gaseous  species  and  determination  of  their 
equilibrium  partial  pressures  in  the  following  systems; 

(a)  Be-F 

(b)  Be-O-F 

(c)  Be-0  (in  W and  Re  Knud sen  cells) . 

2o  Of  high  priority,  but  subject  to  technique  development , comparable 
studies  to  those  listed  above  on  the  and  Be0-H20  systems. 

3o  Similar  studies  to  those  given  under  1.)  on  Al-O-F  systems. 

Arc  Image  Furnace  Technique . 

4o  Measurements  of  rates  of  vaporization  of  under  pseudo- 

equilibrium  conditions « in 

(a)  Various  partial  pressures  of  H20(g) 

(b)  Other  gases  (A,  H2,  O^j  etc. ) . 

Microbalance  Technique. 

5o  Completion  of  measurements  of  rate  of  vaporization  of  in 

vacuum.  It  is  not  anticipated  that  this  activity  will  continue  beyond 
September  30,  1961. 

Knudsen  Cell  Technique » 

6.  Absolute  effusion  measurements  of  BeO  and  At20Q  from  W and  Re 
cells.  Activity  to  be  held  in  abeyance  pending  availability  of  adequate 
man-power. 
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part  b.  thermodynamic  properties  of  light  element  compounds 


CHAPTER  1 

PRELIMINARY  REPORT  ON  THE  CALORIMETRIC  CALIBRATION  OF  THE  ELECTRICAL 
ENERGY  MEASUREMENT  IN  AN  EXPLODING  WIRE  EXPERIMENT 

by  D.  H.  Tsai  and  J.  H.  Park 

A discussion  is  present  on  the  requirements  and  the  methods  for  measuring 
the  current  and  voltage  during  the  transient  discharge  of  a capacitor  bank 
employed  in  an  exploding  vire  experiment  (see  Part  A,  Section  6 of  this 
report).  A method  is  described  for  accurately  calibrating  the  measured 
current,  voltage  and  electrical  energy  by  comparing  the  calorimetric  heat- 
ing of  a fixed  resistance  element  with  the  electrical  energy  dissipated 
in  the  element.  Preliminary  results  here  show  that  the  accuracy  of  the 
energy  measurement  is  about  1-^.  Work  is  in  progress  to  study  the 
refinement  of  measurement  techniques  and  sources  of  error. 

1.  Introduction 

The  present  investigation  has  been  carried  out  in  connection  with  an 
exploding  wire  experiment,  which  involves  the  vaporization  and  explosion 
of  a thin  metallic  wire  by  means  of  a sudden  discharge  of  electrical 
energy  through  the  wire.  In  order  to  understand  and  explain  the  tem- 
perature and  energy  relations  in  the  exploding  wire  system,  the  propagation 
of  the  shock  wave,  and  other  related  problems,  it  is  important  to  be 
able  to  measure  accurately  the  energy  dissipated  during  the  transient 
discharge.  Such  energy  measurements  are  also  needed  in  other  applications 
of  capacitor  discharge  experiments  such  as;  (l)  magnetic  confinement 
in  plasma  experiments,  (2)  high-speed  impact  studies, (3)  heat  capacity 
measurement  using  a pulsed  technique,  (4)  high  voltage  or  high  current 
impulse  testing,  and  others. 

This  report  described  some  results  of  an  Investigation  of  a calo- 
rimetric method  for  calibrating  the  electrical  measurement  of  total  energy 
dissipated  in  a fixed  resistance  element  under  the  transient  conditions 
of  a capacitor-bank  discharge.  This  method  employed  the  fixed  resistance 
element  as  a calorimeter,  and  compared  the  total  heat  energy  measured 
by  the  calorimeter  with  the  electrical  energy  obtained  from  the  measured 
current  through  the  element  and  the  measured  voltage  drop  across  the 
element.  Since  the  current  and  the  voltage  drop  were  measured  independ- 
ently of  each  other,  the  calibration  also  provided  a separate  check  on 
these  measurements.  The  check  on  the  current  measurement  was  especially 
interesting,  because  some  confirmatory  data  were  obtained  on  the  per- 
formance of  a coaxial  shunt  [l]^  that  was  used  in  this  investigation. 


"Tlgures  in  brackets  indicate  the  literature  references  at  the 
end  of  this  paper. 
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Since  the  publication  of  reference  [l],  there  have  been  some  doubts 
expressed  about  the  high-frequency  performance  of  a shunt  of  this  design. 
Although  the  present  experiment  was  quite  limited  in  frequency  range,  the 
method  employed  here  was  perfectly  general,  and  obviously  could  be  applied 
in  a higher  frequency  range. 

The  present  results  are  of  a preliminary  nature.  Only  one  sample 
test  will  be  described  to  indicate  the  accuracy  of  the  measurement. 

Further  refinement  of  the  experimental  technique  is  being  developed,  and 
a study  of  the  measurement  accuracy  under  different  test  conditions  is  in 
progress.  The  final  results  will  be  given  in  a full  report,  and  will  be 
subniitted  for  publication  in  the  open  literature. 

2.  Calorimetric  Calibration 

The  basic  principle  of  the  calorimetric  calibration  is  straight- 
forward. The  energy  Involved  in  the  calorimetric  heating  of  the  resistance 
element  is 

M C AT, 

P * 

where  M is  the  mass  of  the  dlement,  Cp  its  specific  heat  at  constant 
pressure,  and  AT  the  teng^erature  rise  due  to  heating.  The  ohmic  heating 
of  the  element  is 


I 


R i dt. 


where  R is  the  resistance  of  the  element,  1 the  instantaneous  current,  and 
t the  time  of  heating,  the  integration  being  perforned  over  the  entire 
period  of  heating,  usually  from  t=C  to  t=oo  in  a discharge  experiment. 

The  Instantaneous  electrical  energy  Involved  is 

e i dt, 

where  e is  the  voltage  drop  across  the  element.  For  an  oscillatory 
discharge  the  area  under  the  curve  of  ei  vs.  t goes  alternately 
positive  and  negative  as  the  energy  is  stored  alternately  in  the  magnetic 
and  electric  field.  The  total  energy  dissipated  in  the  resistance 
element  is  „oo 

e i dt, 

*^C 

i.e.,  the  net  algebraic  sum  of  the  total  area  under  the  ei  curve. 


It  there  were  no  energy  loss  by  heat  conduction,  convection  or 
radiation,  then  ^ ^ 

M C AT  = r R dt  = r e i dt . 

This  equation  is  the  basis  for  the  calorimetric  calibration  investigated. 
The  problems  involved  are  two-fold.  First  is  the  achievement  of  the 
experimental  conditions  under  which  this  equation  holds  true,  and  second 


is  the  accurate  measTirement  of  the  various  parameters, 
discussed  below. 


These  are 
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Requirements  for  Galorimeter.  The  exploding  wire  apparatus  used 
in  this  investigation  is  shovn  in  Fig.  1.  This  apparatus  is  similar 
to  the  one  described  in  reference  [2],  except  for  minor  modifications. 

For  the  present  purpose,  the  fixed-resistance  element  (calorimeter)  is 
Installed  in  place  of  the  exploding  wire  vessel.  This  arrangement  pre- 
serves the  symmetry  of  the  current  path,  and  allows  the  study  of  the  prob- 
lems of  voltage  measurement  under  conditions  closely  similar  to  those 
encountered  in  an  actual  exploding  wire  experiment.  In  addition  to  the 
geometrical  requirements,  the  requirements  of  good  calorimetry  are: 

(l)  Uniform  heating  along  the  entire  length  of  the  resistance  element 
so  that  a representative  tenperature  change  may  be  obtained.  (2)  Small 
or  known  heat  loss  from  the  calorimeter.  (3)  Accurately  known  mass, 
heat  capacity,  and  electrical  resistance  of  the  resistance  element. 

(4)  Accurate  tenperature  measurement. 

To  satisfy  requirements  (l)  and  (2),  the  resistance  element  should 
be  of  a uniform  cross-section,  with  known  current  paths  along  the  entire 
length  of  the  element.  Including  the  ends.  To  minimize  the  skin  effect, 
(in  order  to  achieve  uniform  current  density  over  the  cross-sectional 
area)  the  elenent  should  be  cylindrical,  with  a wall  thickness  small 
compared  to  the  diameter.  To  minimize  the  heat  loss  by  conduction,  the 
length  of  the  element  should  be  long  con5)ared  to  the  dianeter  and  the 
wall  thickness,  and  the  temperature  should  be  measured  near  the  mid- 
point of  the  length,  to  minimize  the  heat  loss  by  radiation  and  con- 
vection, the  surface  of  the  resistance  element  should  be  smooth  and 
polished.  In  addition  to  the  above  physical  characteristics,  the  mass 
and  the  resistance  of  the  element  and  the  energy  input  to  the  element 
should  be  so  chosen  that  the  temperature  rise  of  the  element  is  not  too 
high.  A high  tenperature  rise  not  only  would  Increase  the  heat  loss, 
but  also  would,  in  general,  affect  the  specific  heat  and  resistance 
(requirement  3)  of  the  element,  and  thus  make  it  very  difficult  to 
determine  both  the  heat  energy  in  the  calorimeter  and  the  ohmic  heating. 

On  the  other  hand,  too  small  a temperature  rise  would  result  in  greater 
percentage  error  in  the  temperature  measurement  (requirement  4)  and 
adversely  affect  the  accuracy  of  the  calorimetric  heat  energy  measure- 
ment. Also,  for  maximum  accuracy,  the  dan^Jing  of  the  discharge  circuit 
as  a whole  should  not  be  too  low,  for  then  the  discharge  would  be  more 
osclllaroty,  and  it  would  be  correspondingly  more  difficult  to  obtain 
an  accvirate  measurement  of  the  net  area  under  the  el  vs.  t curve. 

The  above  are  some  of  the  more  inportant  general  requirerents  in 
the  design  of  the  resistance  calorimeter.  In  the  present  preliminary 
experiment,  these  requirements  were  only  partially  satisfied.  However, 
in  the  experiments  being  planned,  an  effort  is  being  made  to  satisfy 
these  requirements  more  fully. 

One  additional  point  is  worth  noting.  In  this  investigation,  the 
ten5>erature  of  the  resistance  element  was  measured  by  means  of  a pair 
of  thermocouple  wires  welded  individually  to  the  element  at  two 
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FIGURE  I SCHEMATIC  DIAGRAM  OF  EXPERIMENTAL  APPARATUS 


FROM  VOLTAGE-DIVIDER 
OR  CURRENT  SHUNT  ^ 


SHORTING 
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FIGURE  2 BALANCED  CABLE  CONNECTIONS  FOR  REDUCING 
GROUND  CURRENT  EFFECT 
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neighboring  points  at  the  mid-section  of  the  element.  During  an  oscil- 
latory discharge^  the  potential  at  the  thermocouple  functions  could  be 
as  high  as  several  thousand  volts  above  or  below  ground  potential.  It 
was  therefore  necessary  to  disconnect  the  thermocouple  circuit  from  the 
main  discharge  circiiit  during  the  discharge j and  to  re-connect  the 
thermocouple  circuit  for  tenperature  measurement  after  the  discharge  was 
over.  The  measured  temperature  therefore  was  not  the  instantaneous 
temperature.  The  maximum  ten$)erature  rise  was  obtained  by  extrapolating 
the  recorded  temperature  during  the  cooling  period  to  the  time  just  after 
the  discharge  took  place.  Fortrmately,  under  the  experimental  conditions 
encountered,  the  error  introduced  by  this.nethod  was  small. 

Requirements  for  current  and  voltage  measurement s.  The  requirements 
for  the  accurate  measurement  of  current  and  of  voltage  have  been  studied 
in  detail  by  Park  in  references  [l]  and  [3l»  For  the  present  purpose, 
it  was  convenient  to  borrow  directly  from  the  earlier  results,  and  make 
use  of  the  coaxial  shunt  described  in  [l]  for  current  measurement, 
and  the  non-inductive  resistance  divider  described  in  [3l  for  voltage 
measurement. 

As  in  references  [l]  and  [3]>  the  main  difficulty  in  measurement 
arises  from  the  high  current  flowing  in  the  main  discharge  circuit 
and  the  high  rate  of  change  of  this  current  with  time.  A part  of  this 
current  flows  through  the  ground  system  of  the  measuring  circuits  as 
well,  and  induces  extraneous  voltage  signals  which  may  be  several  times 
higher  than  the  true  voltage  signals. 

The  effect  of  the  ground  current  on  a measuring  circuit  may  be 
tested  by  disconnecting  the  center  conductor  of  the  coaxial  cable  at 
the  input  end^  and  shorting  it  to  the  cable  sheath.  Then  any  signal 
in  the  measuring  circuit  produced  by  the  discharge  of  the  main  circuit 
would  be  an  extraneous  signal. 


It  was  found  that  the  ground-current  effect  could  be  largely 
eliminated  by  measuring  only  the  difference  between  the  total  voltage  and 
the  voltage  induced  by  the  ground  current.  This  was  done  by  using  two 
identical  cables  in  the  measuring  circuit  connected  to  the  same  point 
at  the  input  end  by  means  of  a "T”  connector,  except  that  one  cable 
was  connected  in  the  "normal"  manner  for  measuring  the  total  voltage, 
and  the  other  was  connected  in  the  "shorted"  manner  described  above 
for  measuring  the  induced  voltage  (see  Fig.  2).  The  signals  from 
these  two  cables  were  fed  into  a differential  anq)lifier  (of  a cathode 
ray  oscilloscope)  which  then  measured  only  the  difference  between  the 
two  signals. 


The  foregoing  method  of  using  this-  "balanced"  arrangement  of  the 
measuring  cables  did  not  completely  eliminate  the  extraneous  signals. 


ihis  is  the  end  where  the  cable  is  normally  connected  to  the 
shunt  or  the  voltage  divider. 
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This  was  probably  due  to  some  slight  mismatch  of  the  cables,  and  to  the 
lack  of  symmetry  of  the  current  paths,  especially  at  the  input  end  of  the 
cables.  A further  source  of  difficulty  was  the  inter-connected  ground 
system.  In  the  present  case  a dual-beam  oscilloscope  was  used  for 
simultaneous  measurement  of  the  current  and  the  volt age o The  current 
and  voltage  measuring  cables  were  therefore  grounded  to  a common  point 
at  the  oscilloscope  end.  However,  at  the  input  end,  these  cables  were 
grounded  to  different  points  of  the  main  discharge  circuit,  because 
the  construction  of  the  current  shunt  and  of  the  voltage  divider  did 
not  permit  a common  connection.  Thus  the  ground  potential  at  the 
oscilloscope  must  fluctuate  during  a discharge  of ■ the  main  circuit.  This 
would  cause  ground  currents  to  flow  in  the  chassis  of  the  oscilloscope 
which  could  induce  extraneous  voltages  in  the  amplifier  input  circuits. 

In  addition  to  the  above  mentioned  difficulties,  the  pairs  of  cables  in 
the  two  measuring  circuits  formed  two  loops  which  were  inductively 
coupled  to  the  main  discharge  circuit.  The  voltages  induced  in  these  loops 
were  able  to  cause  currents  producing  iR  drops  in  the  cables  which 
were  not  self -cancelling  in  the  present  balanced  arrangement  for  measur- 
ing the  differential  voltages. 

No  quantitative  data  has  been  obtained  on  the  errors  arising  from 
each  of  these  sources  (cable  mismatch,  lack  of  symmetry  of  current  paths, 
etc.).  However,  the  total  error  could  be  measured  rather  easily  by 
shorting  all  the  cables  at  the  input  ends,  and  by  repeating  the  discharge 
under  identical  conditions. 

3.  Experimental  Apparatus  and  Instrumentation 

The  major  components  of  the  experimental  apparatus  are  shown 
schematically  in  Figure  1.  The  capacitance  of  the  condenser  bank  was 
400  pf,  and  at  the  maximun  voltage  of  10  kv,  the  stored  energy  was 
20,000  joules.  When  Installed  as  in  Fig.  1,  the  natural  frequency  of 
the  discharge  circuit  was  11.4  kc. 

The  spark  gap  and  the  triggering  system  were  similar  to  those  des- 
cribed in  reference  [4!.  The  electrodes  were  tipped  with  a tungsten- 
copper  alloy  (Elkonlte)o  The  spark  gap  was  assembled  in  a transparent 
enclosure,  which  could  be  charged  with  nitrogen  or  argon  at  different 
pressures  for  better  control  of  the  timing  of  the  discharge.  The  nitrogen 
or  argon  atmosphere  presumably  also  cut  down  the  erosion  of  the  electrodes 
due  to  oxidation. 

The  resistance  element  was  made  of  a Ni-Cr-Fe  alloy  (inconel)  tubing 
10  in.  long,  1.051  in.  o.d.,  0.912  in.  i.d.  The  ends  of  this  piece  of 
tubing  were  silver-soldered  to  clamps  for  connection  to  the  main  circuit 
at  points  1 and  2 (Fig.  l) . The  soldered  joints  were  lap  joints,  each 
1/4  in.  wide.  The  effective  length  of  the  tubing  was  taken  as  the 
length  between  the  mid-sections  of  the  two  lap  joints,  or  9.75  in.  long. 

The  mass  of  the  tubing  based  on  this  length  was  288.9  grams.  The  specific 
heat  at  constant  pressure  (C  ) for  the  inconel  was  taken  from  reference  [5] 

ir 
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as  0.1074  cal/gram-deg  C (average  of  three  inconel  sanples)  at  40  deg  C 
average  temperature.  (This  was  based  on  a temperature  rise  .6f  about  30 
deg  G from  a room  temperature  of  25  deg  C.) 


The  temperature  of  the  inconel  tubing  was  measured  by  means  of  an 
iron-const  ant  an  thermocouple,  with  No.  28  wires,  welded  directly  to  the 
Inconel  tubing  at  two  neighboring  points,  l/4  in.  apart,  at  the  mid- 
section of  the  tubing.  The  temperature  recorder  was  a Leeds  and  Northrup 
millivolt  recorder,  with  a full-scale  response  time  of  about  l/2  second. 
The  thermocouple  circuit  was  conventional,  except  for  the  switching 
device  mentioned  earlier  for  isolating  the  recorder  from  the  high 
potential  at  the  resistance  element  during  a discharge. 


The  resistances  of  the  various  parts  of  the  circuit  (between  points 
1 to  5)  were  determined  by  the  Electricity  Division  at  the  NBS  by  means 
of  a Kelvin  double  bridge.  These  resistances  were  as  follows: 


Between  Points 
1-2 
2-3 
1-2-3-5 
1-4 
4-5 


Component 

Resistance  element  (calorimeter) 
Coaxial  shunt 

High-side  of  voltage  divider 
Low-side  of  voltage  divider 


Re  si  st  ance . ohms 
0.001803 
0.000325 
0.002180 
202.60 
1.1054 


The  high-side  of  the  voltage  divider,  made  up  of  a ribbon-wound  non- 
inductive  resistor  [3],  was  mounted  at  an  angle  relative  to  the  common 
axis  of  the  Inconel  tubing  and  of  the  outer  cylinder  (see  Fig.  l)  which 
served  as  the  current  return  passage.  This  was  done  in  order  to  reduce 
the  capacitance  between  this  resistor  and  the  rest  of  the  circuit  near-by. 
Except  for  this  part,  the  main  discharge  circuit  around  the  inconel 
element  preserved  a cylindrical  sypnetry.  The  low-side  of  the  voltage 
divider  was  made  up  of  low-inductive  carbon  resistors,  arranged  sym- 
metrically in  a small  cylindrical  housing  in  order  to  keep  the  inductive 
effect  to  a minimum.  The  voltage  measured  was  the  voltage  drop  between 
points  1 and  5*  If  this  is  denoted  by  e^_^,  then  the  electrical  energy 
associated  with  this  part  of  the  circuit  would  be 

pOO 

e,  ci  dt. 

Jq  1-5 


The  electrical  energy  associated  with  the  inconel  element  would  then  be 

R. 


1-2 


R, 


I, 


1-2-3-5 


e,  c 1 dt , 
1-5 


where  R is  the  resistance  of  the  part  of  the  circuit  denoted  by  the 
subscripts. 


For  the  measuring  circuit,  the  cables  used  were  four  RG58/U  coaxial 
cables,  each  11  ft.  in  length.  These  cables  were  not  terminated  with 
matched  impedance  because  of  the  relatively  low  frequency  (ll.4  kc) 
involved.  The  oscilloscope  was  a Tektronix  Model  555  Dual-beam 
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oscilloscope,  equipped  with  two  type  G differential  pre-amplifiers.  The 
vertical  scales  (voltage  scales)  were  calibrated  against  the  calibration 
signals  provided  in  the  oscilloscope,  and  the  horizontal  scale  (time 
scale)  was  calibrated  against  the  NBS  Standard  100  kc  frequency. 

4.  Results 

Fig.  3 shows  a representative  series  of  measurements  obtained  on  the 
experimental  set-up  described  in  the  preceding  section.  The  conditions 
of  the  test  are  given  in  the  figure  caption.  Fig.  3a  was  obtained  with 
the  balanced  arrangement  of  the  measuring  cables  described  earlier.  The 
top  trace  of  Fig.  3a  shows  the  measured  current  through  the  circuit,  the 
bottom  trace  shows  the  measured  voltage  drop  between  points  1 and  5 of 
Fig.  1.  Fig.  3b  was  obtained  with  the  measuring  cables  shorted  to 
ground  at  the  input  end.  The  top  trace  shows  the  ground  current  effect 
in  the  current  measuring  circuit,  the  bottom  trace  shows  the  same  effect 
in  the  voltage  measuring  circuit.  (Note  the  difference  in  the  vertical 
scales  in  these  figures.) 

From  these  data,  the  ohmic  heating  and  the  electrical  energy  were 
obtained  by  evaluating  the  Integrals  JRi^dt  andjeidt.  This  was  done 
both  graphically  with  the  aid  of  a planimeter,  and  numerically  with  the 
aid  of  an  automatic  digital  computer  (at  a step  size  of  3 psec  in  dt). 

In  both  cases,  the  /eldt  integral  was  evaluated  twice:  once  without 
the  correction  for  the  ground-current  effect  on  the  voltage  curve,  and 
once  with  the  correction.  No  correction  was  made  on  the  current  curve, 
because  the  ground  current  effect  on  the  current -measuring  circuit 
appeared  to  be  negligible. 

The  results  are  tabulated  below.  The  percentage  figures  show  the 
percent  difference  compared  with  the  measured  calorimetric  heating.  The 
calorimetric  heating  did  not  Include  the  heat  losses  by  convection,  radi- 
ation and  conduction.  With  a temperature  rise  of  about  30  deg  C,  the 
convective  heat  loss  was  about  4 joules/sec.  The  radiative  and  conductive 
heat  losses  were  both  negligible. 


Calorimetric 
Heating, 
j oule  s 

/ R 1^  dt , 
joules 

Se  i dt , .1  oule  s 

Without  Correction 
for  Ground 
Current  Effect 

With  Correction 
for  Ground 
Current  Effect 

Graphical 
Mat hod 

4076 

4082  +0.1% 

4775  +17.1% 

4152  +1.9% 

Numerical 

Method 

4171  +2.3% 

4615  +13.2% 

4019  -1.4% 

These  results  show  the  importance  of  the  correction  for  the  ground-current 
effect  on  the  measured  voltage.  This  was  somewhat  surprising,  because 
Fig.  3b  shows  that  this  effect  amounted  to  only  about  2^  (in  maximum 
amplitude)  of  the  measured  voltage  shown  in  Fig.  3a.  The  differences 
between  the  graphical  method  and  the  numerical  method  are  not  conclusive. 
Further  work  is  needed  to  investigate  the  accuracy  of  both  methods. 
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Horizontal  scale  (time)  : 100  p,sec/large  division  (cm)  for  both  (a)  and  (b)  5 
Vertical  scale  (voltage):  (a)  top  curve  40  v/cm  for  current  shunt,  bottom  curve 
10  v/cm  for  voltage  divider;  (b)  top  curve  1 v/cm  for  current  measuring  circuit, 
bottom  curve  1 v/cm  for  voltage  measuring  circuit; 

Cable  connection:  balanced  connections  as  described  in  text. 


5.  Conclusions 


The  results  so  far  have  indicated  that  the  equipment  and  the  methods 
described  here  for  mesturing  the  current  and  voltage  during  the  transient 
discharge  of  a capacitor  bank  are  capable  of  yielding  results  which  are 
in  fair  agreement  with  the  result  obtained  independently  from  a calorim- 
etric method.  These  results  therefore  suggest  that  it  will  be  worthwhile 
to  refine  the  experimental  technique  by  a more  careful  calibration 
procedure,  and  a more  detailed  investigation  of  the  sotirces  of  error  and 
the  experimental  range  in  which  the  technique  is  applicable.  These  inves- 
tigations are  now  in  progress,  and  appropriate  reports  will  be  issued  as 
the  results  become  available. 
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CHAPTER  2 


EXPLANATORY  NOTES  FOR  TABLES  OF  IDEAL-GAS 
THERMODYNAMIC  FUNCTIONS  OF  N2F^  AND  NF2 


by  D.  R.  Lide,  Jr. 


Tables  of  ideal-gas  thermodynamic  functions  are  given  in  Appendix  A 
for  N2F>  (Table  A-71)  and  for  NF2  (Table  A-70).  The  basis  of  arriving 
at  each  of  the  molecular  constants  underlying  these  two  tables  is  as 
follows. 

Since  the  microwave  spectrum^  of  N2F^  shows  that  the  gaushe  form 
(C2  symmetry,  with  internal  rotation  angle  of  approximately  65°)  is  a 
major  constituent  at  ordinary  temperatures,  and  since  the  Infrared 
spectrum  Indicates  that  there  is  only  one  form  present  in  significant 
amounts,  we  have  assumed  for  purposes  of  calculation  that  N2F^  exists 
entirely  as  the  gaushe  isomer.  The  principal  moments  of  inertia 
(15.0517,  26.2484  and  29.8378  X 10“^9  gre  experimental  values 

determined  from  the  microwave  spectrum^.  The  estimated  vibrational 
frequencies  are  based  on  infrared  measurements  of  M.  K.  Wilson'^,  which 
have  been  confirmed  by  L.  J.  Schoen  of  NBS.  While  a detailed  assign- 
ment has  not  been  made,  it  is  reasonable  to  associate  bands  at  1011, 

962,  933 > and  85O  cm~^  with  the  NF  stretching  modes.  Infrared  bands 
at  736,  589,  537,  517,  500  (estimated),  and  390  cm“^  apparently  cor- 
respond to  the  NF2  deformations  and  to  the  twisting  and  wagging  modes. 

In  view  of  the  low  N-N  bond  energy^,  the  band  at  285  cm“-^is  a reasonable 
choice  for  the  N-N  stretch.  The  remaining  fundamental  is  the  torsion 
about  the  N-N  bondj  which  has  been  estimated  as  about  100  cm~'^  from  the 
microwave  spectrunr.  The  major  uncertainty  in  the  ideal-gas  thermal 
functions  results  from  this  frequency;  for  example,  the  calculated 
entropy  at  300°K  would  be  off  by  about  1 eu  if  the  estimated  torsional 
frequency  is  in  error  by  50  cm~^,  which  is  entirely  possible. 

The  NF2  molecule  is  a bent  trlatomic  with  vertex. angle  of  104°  accord- 
ing to  the  infrared  results  of  Schoen,  Lide,  and  Mann^.  The  stretching 
frequencies  of  1075  and  940  cm""^  have  bepn  observed,  while  the  bending 
mode  was  estimated  as  510  cm“l  from  a force-const  ant  „t  re  atment'^.  The 
moments  of  Inertia  (1.2037,  7J3748,  and  8.5702  x 10~-^^  gm  cm^)  were 
calculated  from  the  single  rotational  constant  obtained  from  a resolved 
infrared  band"^  on  the  assumption  that  the  N-F  bond  distance  is  1.370  A. 
Since  the  molecule  contains  an  odd  number  of  electrons,  an  electronic 
multiplicity  of  2 has  been  qssumed. 


The  entropy  change  for  the  dissociation 

N F.  2 NF 
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is  calculated  from  Tables  A-70  and  A-71  to  be  45*6  eu  at  400°K.  From 
measurements  of  the  dissociation  constant  of  N2F,  in  the  350°-450°K 
region  Colburn  and  Johnson-^  have  obtained  AS  values  ranging  from  38 
to  45  eu. 
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CHAPTER  3 


ALLOYS  AND  INTERSTITIAL  COMPOUNDS  OF  ALUMINUM, 

LITHIUM,  AND  MAGNESIUM  WITH  EACH  OTHER  AND 
WITH  SILICON,  TITANIUM,  AND  ZIRCONIUM 
by  Thomas  W.  Mears 

The  alloys  and  interstitial  compounds  of  beryllium  with  aluminum, 
lithium,  magnesium,  silicon,  titanium,  and  zirconium  were  surveyed  in 
the  last  semi-annual  report  (NBS  Report  7093,  1 January  1961).  In  the 
present  survey,  the  alloys  and  interstitial  compounds  of  aluminum, 
lithium,  and  magnesium  with  each  other  and  with  silicon,  titanium,  and 
zirconium  are  covered.  The  phase  diagrams  of  most  of  these  systems  were 
reproduced  from  Hansea  [1]  in  the  last  semi-annual  report  and  will  be 
alluded  to  throughout  this  survey.® 

When  alloy  and  intermetallic  compounds  are  formed,  it  is  often  the 
case  that  the  material  formed  will  be  more  dense  than  that  calculated 
from  partial  atomic  volumes.  Unfortunately,  it  is  also  true  that  energy 
is  lost  as  heat  of  mixing  (formation)  of  the  alloy  or  interstitial  com- 
pound. Further,  it  is  generally  true  that  the  greater  the  density  of 
the  alloy  as  compared  to  the  elements,  the  greater  the  heat  of  mixing. 

This  heat  of  mixing  may  be  partially,  completely,  or  even  excessively 
offset  by  the  heats  of  mixing  of  the  mixed  combustion  products.  However, 
if  the  heats  of  mixing  do  not  cancel  out,  there  would  be  no  advantage 
in  using  an  alloy  or  interstitial  compound  over  the  mixture  of  elements, 
unless  a possible  Improvement  in  the  kinetics  of  combustion  is  to  be 
had. 


Aluminum- lithium  system 

A partially  complete  phase  diagram  for  the  aluminum-lithium  system 
is  given  in  Hansen  [1].  This  diagram  is  reproduced  as  figure  3,  p.  189 
of  the  last  semi-annual  report.  This  diagram  shows  two  intermediate 
phases  LiAl  and  Li2Al.  The  lattice  spacings  of  aluminum  solid  solutions 
in  lithium  are  [2]; 


At.7o  of  Li 
0 

3.44 

4.83 

7.11 


a (kXat  25°C) 
4.04134 
4.0396, 
4.03927 
4.0382 


a.  These  diagrams  were  reproduced  by  permission  from  Constitution  of 
Binary  Alloys,  second  edition,  by  Max  Hansen.  Copyright  1958  by 
McGraw-Hill  Book  Co.,  Inc. 
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The  average  coefficient  of  expansion  of  an  alloy  containing  4.83 
at.  percent  lithium  is  [3]. 

01=24.3  X 10-6  (-50°C  to  25^C) 

Lattice  spaclngs:  4.0319g  at  -50°C 

4.0393  at  25°C 

AlLi  melts  at  a maximum  in  the  liquidus  at  approximately  718°C  and 

exists  over  a range  of  composition  [4].  It  exists  as  a face-centered 

cube  of  B32  type  structure,  a = 6.360KX,  and  the  x-ray  density  is  1.75g/cm^  [5]. 

Its  heat  of  formation^is  -6.0  Kcal/g.  atom  (-12Kcal/mole)  [6]. 

AILI2  forms  peritectically  at  523°C  [5]. 

Aluminum-magnesium  system 

The  phase  diagram  for  the  aluminum-magnesium  system  ^s  been  worked 
out  by  Bickhoff  and  Vosskuhler  [7]  and  augmented  by  Clark  and  Rhines  [8]. 

This  is  attached  as  figure  1.  A similar  phase  diagram  from  Hansen  [1] 
is  given  as  figure  4,  p.l90  of  the  last  semi-annual  report.  The  - 
phase,  Al2Mg2  melts  at  a maxima  from  the  liquidus  at  451. 5°C.  The  t- 
phase,  kl\2  ^17  nielts  at  a maxima  at  462°C.  The  6 -phase,  Al4Mg3  (?), 
exists  between  a eutectoid  at  210°C  and  a peritectoid  at  390°C. 

The  lattice  spacings  of  solid  solutions  of  magnesium  in  alvnninum 
have  been  measured  by  many  workers  [2,3,9,10,11,12,13,14,15].  A com- 
posite graph  of  these  values  is  attached  as  figure  2.  The  thermal 
expansion  of  solutions  of  approximately  the  same  composition  have  also 
been  measured  [3],  and  are  listed  in  the  following  table. 


At.%Mg 

a (KX) 
-50^C 

-I■250C 

-I-200OC 

/-A  25  r 

<3^-50x10° 

xlO^ 

0 

4.0347 

4.04142 

2.36 

4.04275 

4.0496 

22.7 

6.36 

4.0614 

4.0685 

4.0858 

23.2 

24.7 

10.56 

4.0782 

4.0861 

4.10373 

25.9 

26.7 

The_^^ -phase,  Al3Mg2^  has  a face-centered  cubic  unit  cell,  vd.th 
a=28.16  - 2KX,  Dm  = 2.23g/cm^,  Dx=  2.28g/cm3  for  an  alloy  containing 
35  atomic  percent  magnesium  [16,  17].  The  heat  of  formation^ is  -0.37  Kcal/mole  [8]. 

The  t -phase,  Alj^2  ^§17^  occurs  in  the  region  50  to  60  atomic 
percent  (theory  58.6  at.  percent)  magnesium.  It  is  a body-centered  cubic  in 
which  a=10.54  - 2KX,  and  the  macroscopic  density  is  2.068g/cm^  at  21°C  [18]. 

The  lattice  spacings  and  densities  have  been  determined  for  this 
region  [19,20]  and  are  shown  graphically  in  figure  3. 

The  6 -phase  at  approximately  43  atomic  percent  aluminum  has 
not  been  characterized.  The  empirical  foirmula  corresponds  to  about 
M84AI3. 

^AHf 
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The  lattice  spacings  of  solid  solutions  of  alvnninum  in  magnesium 
are  shown  in  figure  4 [21,22,23]. 

The  heats  of  formation  of  the  aluminum-magnesium  system  h^  been 
determined  by  Kub^hawskic  and  Catterall  [6]  as  follows: 


At.^g 

10 

40 

50 


AHo  (kcal/mole) 
-.140 
-.390 
-.620 


Aluminum- silicon  system 

Not  much  work  has  been  done  on  the  aluminum-silicon  system  because 
of  the  mutual  insolubility  in  the  solid  state.  There  is  little 
evidence  of  compound  formation.  The  phase  diagram  is  given  by  Hansen  [1]. 
This  diagram  was  reproduced  as  figure  5 on  p.  191  in  the  last  semi- 
annual report.  This  shows  a eutectic  at  11.3  atom  percent  silicon  at 
577°C.  There  is  some  slight  evidence  of  terminal  solubility.  Lattice 
spacings  for  silicon  concentrations  up  to  1 percent  are  reported  by 
Axon  and  Hvnne-Rothery  [2]. 


Alxminum- titanium  system 

The  phase  diagram  from  Hansen  [1]  for  the  aluminxim- titanium  system 
was  reproduced  in  the  previous  semi-annual  report.  The  ci-solid  solu- 
tion transforms  into  the  /3 -solid  solution  at  temperatures  ranging 
from  882°C  for  pure  titanium  to  1240°C  for  solution  containing  42  atom 
percent  (29  weight  percent)  aluminxm.  The  ^ -form,  AlTi,  forms 
peritectically  at  1460°C.  Al3Ti  forms  peritectically  at  1340°C  and 
has  invariant  composition  l24]. 

The  solid  solubility  of  titanivnn  in  aluminum  Is  very  small. 
Supersaturated  solutions  were  obtained  by  rapid  quenching  and  the 
lattices  determined  [25]. 


At.7oTi 

0 

0.085 

0.090 

0.20 


a (kX) 

4.0415 

4.04054 

4.0405 

4.0395 


The  solid  solution  of  aluminum  in  titanium  is  much  broader  than 
the  aluminum  solutions.  Several  workers  [24,26,27]  have  prepared 
these  alloys  and  determined  their  crystal  lattices.  These  data  are 
combined  in  figure  5.  The  humps  at  10-14  atomic  percent  aluminum  may 
be  due  to  oxide  or  nitride  impurities  [28]. 

Al-Ti  is  a body-centered,  tetragonal  DO  22  type  of  structure,  where 
a =3.84kX,  c =8.579KX,  c/a  =2.234,  Dm  =3.  31g/cm3,  and  Dx-ray  =3. 37g/cm3  [29,30] . 
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The  alloy  may  be  prepared  by  heating  aluminum  with  potassium  fluo- 
titanate  at  1200°C,  cooling  slowly,  and  dissolving  away  the  excess 
aluminum.  Calculations  have  also  been  made  [31]  where  Al^Ti  is  consi- 
dered as  a face-centered  tetragonal  cell  in  which  case  a =5.424Kx, 

^ =8.574Kx,  and  c/a  =1.58.  The  heat  of  formatior?ls  given  as  -35.3 
-1.2  kcal/mole  (*6.8X031  per  atom)  [32]. 


AlTi  has  an  ordered  cubic  LIq  structure  where  a =3.997  KX,  c =4.062KX, 
c/a  =1.02  at  the  stoichimetric  50  percent  point  [33).  The  alloy  is 
prepared  by  arc  melting  "iodine"  titanium  with  alumlnvnn.  The  heat  of  forma- 
tion^ of  AlTi  is  given  as  -19.3  - 0.05  Kcal/mole  (9.7  Kcal/g  atom)  [32]. 


Aluminum- zirconium  system 

The  aluminxjm- zirconium  system  is  quite  complex  as  shown  by  the 
phase  diagram  from  Hansen  [1]  which  was  reproduced  as  figure  7 on 
p.  193  of  the  last  semi-annual  report.  There  are  three  phases  which 
melt  at  maxima  in  the  liquidus,  namely  Al^Zr  at  1580°C,  AI2  Zr  at  1645°C, 
and  A1  Zr,  at  153G^Ca  Possibly  six  others  form  peritectically; 

A1  Zr,  (?7  at  15950c,  A1  Zr  at  1480°C,  A1  Zr  at  1395°C,  AlZr„  at  1250°C 
AlZr^^at  975°C  and  AlZr  it  I250°C  [34].  ^ 

Al,Zr  is  a tetragonal  unit  cell,  a=  7.630  ^ 0.001A°,  c=6.998 
-O.OOIA®,  c/a  =0.9054,  Dx  =5.34^g/cm'^  on  the  basis  of  4Zr-A  units 
per  unit  cell,  and  Dm  =5.35g/cm  . The  sample  was  prepared  By  arc 
melting  under  argon  and  annealing  for  two  weeks  at  1100°C  [35]. 
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Al^Zr^  is  an  hexagonal  structure  with  an  x-ray  density  of  5.43g/cm  [36] 

A1  Zr  has  an  ordered  cubic  structure  with  a=4.372A°  and  Dx  =5.976 
- 0.013g/cm3  [37]. 


Al_Zr  is  a body-centered  tetragonal  (DO,-)  type  of  structure,  - 

where  A"^=4.005KX,  c =17.285KX,  c/a  =4.316,  Dx  =4.  llg/cm^,  and  D°m=4.11  g/cm’’ 
[30,35,21] 

Al,Zr  has  an  orthorl^onibic  unit  cell,  where  a = 1Q40KX,  b =7.21  KX, 
and  c =4.97  KX  for  an  alloy  containing  37.6  weight  percent  aluminum  [34]. 

The  heat  of  formation  is  given  as  -30.0  Kcal/mole  (-10.0  Kcal/g  atom)  [6]. 

AlZr,  was  prepared  by  arc  melting  and  annealing  for  three_j_weeks  at  900°C 
It  has  been  indexed  as  an  hexagonal  unit  cell  where  a =4.8939  - 0.005A, 
c=5.9283  - 0.0005A, »c/a  =1.211'  - 0.001  and  Dx  =5.67g/cm  . A macroscopic 
density  of  5.78g/cm'^  was  obtained,  but  the  sample  was  contaminated 
with  Zr^Al  whose  density  is  5.98g/cm^.  [39]. 

Al^Zr^  was  also  prepared  by  arc  melting  unde^  argon.  It  is 
indexed'^as  an  hexagonal  unit  cell,  where  ^5.433  - 0.002A  and 
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c=5.390  -0.0Q2A.  On  the  basis  of  one  Al^Zr^  unit  per  unit  cell,^ 

Dx  =5.37g/cm^.  The  macroscopic  density  was  measured  at  5.28g/cm  [35]. 

Lithium-magnesium  system 

The  diagram  for  the  lithium-magnesium  system  given  by  Hansen 
[1]  was  reproduced  as  figure  12  on  p.  198  in  the  last  report.  This 
curve  shows  a eutectic  at  77  atom  percent  (92  weight  percent)  magnesium 
at  588°C.  The  lithiimi  solid  solution  extends  to  75.5  atomic  percent 
(91  weight  percent)  magnesium  at  588^C  and  70.1  atomic  percent  (89  weight 
percent  magnesium  at  100°C.  The  magnesium  solid  solution  extends  to 
83.0  atomic  percent  (94.5  weight  percent)  magnesium  at  588  C and  82 
atomic  percent  (94.3  weight  percent)  at  300  C.  Apparently  no  intermetallic 
compounds  are  formed. 


Magnesium- silicon  system 

The  magnesium-silicon  phase  diagram  given  by  Hansen  [1]  was 
reproduced  as  figure  13  on  p.  199  of  the  last  semi-annual  report.  This 
shows  the  existence  of  a compound  Mg2Si  which  melts  at  a maximum  at 
1102  C.  Eutectics  occur  at  53  atom  percent  (50.5  weight  percent) 
silicon  at  approximately  950°C  and  at  1.16  atom  percent  (1.34  weight 
percent)  silicon  at  637. 6°C.  There  is  very  little  termini  solubility. 

The  lattice  spacing  of  a two-phase  alloy  quenched  from  just  below 
the  melting  point  gave  the  lattices:  a =3.2026,  c =5.1998  KX  and  c/a  =1.6236 

at  25  C as  compared  withpawdaEd  magnesium  metal  with  lattices  a =3.2023, 
c = 5.1994kx,  and  c/a  =1.6234  [21]. 

^ Mg^Si  is  a face-centered  cubic  (Cl)  type  structure  with  a =6.338 
- .002  ^ [40][.  The  density  calculates  to  1.95g/cm^.  The  heat  of 
formation^is  -19.0  - 1.0  Kcal/mole  (-6.16  Kcal/g  atom) [41]. 

Magnesium- titanium  and  magnesium- zirconium  systems 

The  systems  for  both  magnesitim- titanium  and  magnesium-zirconiimi 
have  only  been  studied  slightly.  The  very  limited  curves  given  by 
Hansen  [1]  are  reproduced  as  figures  14  and  15  on  ps.  200  and  201 
of  the  last  semi-annual  report. 

The  lattice  spacing  of  a two-phase  alloy  containing  1 weight  per- 
cent titanium  and  annealed  just  below  the  solidus  show  lattices  of 
a =3.2025,  c =5.2017KX  and  c/a  = 1.6242  at  25°C  as  compared  to  pure 
magnesium  with  a=3.2023,  c =5.1994kX,  and  c/a  = 1.6236  at  25°C  [21]. 

Titanium  apparently  does  not  dissolve  in  magnesium  [42],  but  both  c^- 
and  Q -titanium  dissolve  magnesium  to  the  extent  of  not  more  than 
1.5  weight  percent  [43]. 


No  intermediate  phases  have  been  found  for  the  magnesium- zirconium 
system  [44].  The  lattice  spaclngs  for  a two-phase  alloy  containing 
1 weight  percent  zirconium  quenched  just  below  the  solidus  are 


a = 


A Hf 
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The  various  heat,  volume,  and  density  data  available  are  tabulated 
in  table  1.  For  information,  the  data  on  the  beryllium  alloys  given 
in  the  last  semi-annual  report  is  also  tabulated.  Also  included  are 
values  for  several  of  the  zirconium- silicon  alloys,  the  heat  data  for  which 
is  reported  by  Robins  and  Jenkins  [45] . The  atomic  volumes  for  the 
elements  used  in  the  calculation  were  taken  from  Heslop  and  Robinson 
[46].  Certain  of  the  molecular  volume  data  for  silicon-titanium  and 
silicon-zirconium  systems  are  from  VanArkl£s  recent  paper  [47].  The 
percent  increase  in  volume  values  are  probably  good  to  1 percent  in 
the  case  of  aluminum  alloys  and  3 percent  in  the  remainder  of  the 
cases.  It  should  be  stressed  that  these  percent  increases  are  small 
differences  in  larger  numbers  and  should  be  considered  accordingly. 
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Table  I.  Percent  Increase  In  voltjme  of  alloy  or  Intermetallic  as  compared  to  elements 
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Compound  Density  Molecular  Sum  of  Percent  Heat  of  Heat  of 

D {macro)  D(x-ray)  volume  atomic  Increase  formation  formation 
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CHAPTER  4 


LITERATURE  SURVEY  ON  LOW-TEMPERATURE  HEAT  CAPACITY  AND  ENTROPY 
AT  298.15®K  OF  W AND  Pb  AND  SOME  OF  THEIR  COMPOUNDS 
AND  OF  THE  BROMIDES  AND  IODIDES  OF  Li,  Be,  Mg,  and  Al 
by  George  To  Furukawa 


The  substances  of  interest  to  the  program  have  increased.  As  a 
part  of  the  program  to  determine  the  thermodynamic  properties  of  these 
substances,  a literature  survey  was  made  on  the  low-temperature  heat 
capacity  of  tungsten  and  lead  and  some  of  their  coicpounds  with  osygen 
and  the  halogens.  A literature  survey  was  made  also  on  the  bromides 
and  iodides  of  lithium,  beryllium,  magnesium  and  aluminum,  and  found 
that  no  heat-capacity  data  on  these  substances  exist.  The  Bureau  of 
Mines  (BM)  Bulletin  592  [22]^  and  the  Ohio  State  University  [2]  bibliography 
on  low-tenperature  calorimetry  were  used  to  locate  references  to  e3?peri- 
mental  measurements.  The  Annual  Review  of  Physical  Chemistry,  Volumes 
10  and  11  [38,271  and  the  bibliography  conciliation  for  I960  by  Zwollnskl 
and  Dantl  [43j»  that  appeared  in  the  Bulletin  of  Chemical  Thermodynamics, 

No.  4>  1961  in  advance  of  its  publication  in  the  1961  issue  of  the 
Annual  Review  of  Physical  Chemistry,  were  also  examined  for  experimental 
data.  The  Bulletin  of  Chemical  Thermodynamics  No.  4,  1961  [5l  was 
consulted  for  sources  of  unpublished  measurements.  The  original  papers 
were  examined  and  the  data  evaluated.  Time  was,  however,  insufficient 
to  obtain  smoothed  values  of  heat  capacities  at  equally  spaced  tem- 
perature intervals  from  which  the  various  thermal  functiona  crould  be 
derived.  For  this  report,  values  of  heat  capacity  selected  from  a large- 
scale  plot  were  conpared  with  those  given  in  the  BM  Bulletin  592  [22]. 

When  the  experimental  data  are  reliable,  the  selected  values  of  heat  capac- 
ity were  found  to  be  in  good  agreement  with  those  given  in  the  BM 
Bulletin  592  [22].  Wherever  the  Investigator  evaluated  the  entropy  at 
298.15°!^  value  was  concsared  with  that  given  in  the  BM  Bulletin 

592  [22]  and  in  the  National  Bureau  of  Standards  (NBS)  Circular  500  [34}<* 

The  adopted  valties  of  S293  were  taken  from  the  above  compilations  or 
from  the  original  publications. 

The  substances  are  discussed,  separately  after  listing  the  low- 
temperature  heat-capacity  meastirements  in  chronological  order,  with  the 
reference  and  the  temperature  range  of  each  investigation.  Information 
on  the  chemical  and  physical  state  of  the  sub|tance  is  given  wherever 
available.  Tables  of  the  adopted  values  of  8293  are  given  at  the  end 
of  the  discussion.  References  given  in  the  taoles  are  those  from  which 
the  adopted  values  were  obtained. 


Numbers  in  brackets  refer  to  literature  references  at  the  end  of 
this  chapter. 
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Tungsten,  W,  183 « 86 

Measurements  of  the  heat  capacity  of  tungsten  metal  have" been  reported 
by  a number  of  investigators:  Nordmeyer  and  Bernoulli  [32]  (-185°  to 

20°  C);  Dewar  [10]  (20®  to  80°  K);  Lange  [25]  (26^  to  91°  K)j  Zwikker 
and  Schmidt  [41,42]  (92°  to  2521°  K)j  Bronson.  Chisholm,  and  Dockerty 
[3]  (-20°  to  501°  C)j  Silvidi  and  Daunt  [37]  (lo5°  to  3.0°  K)j  Horowitz 
and  Daunt  [l5l  (0.03°  to  0.34°  K)j  Rayne  [33]  (0.2°  to  1°  K)j  Waite, 

Craig,  and  Wallace  [39]  (4°  to  15°  K)^  DeSorbo  [9]  (13  ° to  93°  K)j 
Cluslus  and  Franzoslni  [7]  (12®  to  274°  K).  The  extensive  measurements 
of  Cluslus^and  Franzoslni  [7]  were  based  on  a sample  of  99.99  percent 
purity.  eu  reported  by  Cluslus  and  Franzoslni  [7]  was  adopted. 

DeSorbo  [9J^reported  S298=8o2tQ.2  eu*  Kelley  and  King  [22]  give  S2<^g=7cSQk 
0.10  eu  and  the  NBS  Circular  500  [34]  8.0  eu. 

Tungsten  Dioxide.  WOo,  215.86 

Heat-capacity  measurements  on  tungsten  dioxide  have  been  reported 
by  King,  Weller,  and  Christensen  [24]  (52°  to  297°  K).  The  sample  was 
prepared  from  piire  tungstic  acid  by  reduction  with  hydrogen  at  600°  to 
625°  C.  The  product  from  eight  separate  preparations  were  mixed  and 
heated  for  11  hours  in  helium  at  990°  C.  The  analysis  of  the  final 
product  was  reported  to  be  14*80  percent  oxygen  (theoretical  = 14,82 
percent).  The  x-ray  diffraction  pattern  was  reported  to  agree  with  that 
given  for  TIO2  in  the  A.S.T.M.  catalog.  The  value  S2(^g=12.08t0.07  eu 
obtained  by  King  ^ [24]  was  adopted. 

Tungsten  Trioxide,  WQ.^,  231.86 

Heat-capacity  measurements  on  tiingsten  trloxlde  have  been  reported 
by  Russell  [35]  (-189°  to  47°  C);  by  Seitz,  Dunkerley,  and  DeWitt  [36] 

(63°  to  299°  K)}  and  by  King,  Weller,  and  Christensen  [24]  (53°  to  297°  K). 
The  WO3  sample  investigated  by  King  et  [24]  was  prepared  from 
reagent-grade  tungstic  acid  by  heating  at  770<^C  for  I6  hours.  The  analysis 
of  the  product  by  hydrogen  reduction  was  reported  to  be  20.72  percent 
oxygen  (theoretical  = 20.70  percent).  The  value  S298=l8.15t0.12  eu 
obtained  by  King  ^ [24]  was  adopted. 

Lead.  Pb.  207.21 

Heat-capacity  measurements  on  lead  have  been  reported  by  Nernst 
[30]  (23°  to  273°  K) 5 Bicken  and  Schwers  [12]  (l6°  to  276°  K)j  Griffiths 
and  Griffiths  [l4]  (23°  to  380°  K)j  Keesom  and  Onnes  [20]  (l4°  to  80°K) j 
Keesom  and  Andrews  [17]  (2°  to  21°  K) j Keesom  and  Ende  [l8,19]  (2°  to 
20°  K);  Bronson  and  Wilson  [4]  (-80°  to  120°  C);  Meads,  Forsythe 
and  Giauque  [28]  (l4°  to  300°  K)j  Clement  and  Qulnnell  [6]  (6°  to 
8°  K);  and  Horowitz,  Silvidi,  Malaker,  and  Daunt  [I6]  (l°  to  75°  K) . 
Measurements  of  Meads  ^ ali  [28]  and  Horowitz  ^ al.  [16]  which 
together  cover  the  range^l°  to  300°  K,  join  fairly  continuously.  Meads 
^ al.  [28]  calculated  S293  to  be  15.51  eu.  Kelley  and  King  [22]  give 
15.49±0.05  eu.  NBS  Circular  500  [3_4]  lists  S298=15.51  eu,  which  was 
adopted. 
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Lead  Monoxide  (yellow,  rhombic).  PbO,  223,21 

Nernst  and  Schwers  [31]  (21°  to  93°  K) , Russell  [35]  (-191°  to 
44°  C),  and  King  [23]  (54°  to  296°  K)  measured  the  heat-capacity  of 
the  rhombic,  high-temperature  form  of  PbO.  The  sample  investigated 
by  King  [23]  was  prepared  by  heating  lead  carbonate,  precipitated  by 
treating  a solution  of  reagent  grade  lead  nitrate  with  an  excess  of 
ammonium  carbonate  solution,  for  10  hours  at  725°  0 and  quenching  to 
room  temperature.  Analysis  of  the  sample  was  reported  to  be  92.84 
percent  dead  (theoretical  = 92.83  percent).  No  reconversion  to  the 
red  PbO  was  observed.  The  x-ray  diffraction  pattern  for  the  sample 
was  reported  to  be  in  agreement  with  that  listed  for  yellow  PbO  in 
the  ASTM  catalog.  King  [23j  reported  = l6.l£0.2  eu,  which  was 
adopted. 

Lead  Monoxide  (red,  tetragonal).  PbO.  223.21 

King  [23]  ^53<»  to  296°  K)  measured  the  heat  capacity  of  the 

tetragonal,  low-temper  attire  form  of  PbO,  The  sample  of  red  PbO  was 
prepared  by  heating  electrolytic  Pb02  under  vacuum  at  430°  to  480°  C 
for  about  8 weeks.  The  chemdcal  analysis  on  the  sample  was  reported 
to  be  92.69  percent  lead  (theoretical  = 92,83  percent).  X-ray  dif- 
fraction pattern  was  reported  to  indicate  a presence  of  a small  amount 
of  yellow  PbO.  King  [23]  reported  S^qg  = 15*6£0,2  eu,  which  was 
adopted. 

Lead  Orthoplumb  ate,  PbgOy^,  685.63 

Millar  [29l  (72°  to  293°  K)  reported  heat-capacity  measurements 
on  lead  orthoplumb ate.  The  sample  was  prepared  by  thermal  decomposition 
of  Pb02  at  460°  C.  An  average  of  five  analyses  for  active  oxygen  on 
the  product  indicated  97  percent  of  the  theoretical  quantity.  The 
analysis  for  the  lead  content  was  reported  to  be  ^0.62  percent  (theo- 
retical = 90.66  percent).  Millar  [29l  reported  S2og  = 60.53  eu. 

Kelley  and  King  [22]  lists  50.5±1.6  eu.  In  an  earlier  bulletin  No. 

350  Kelley  [21]  pointed  out  an  arithematlc  error  in  Millar *s  value 
for  entropy.  NBS  Circular  500  [34]  lists  50.5  eu.  The  value  50,5  eu, 
was  adopted. 

Lead  Sesquioxide,  Pb203»  462.42 

King  [23]  (53°  to  2970  K)  measured  the  heat  capacity  of  Pb20^. 

The  sample  was  prepared  by  heating  in  air  PbCO^,  precipitated  from  a 
solution  of  reagent  grade  Pb(N0o)2  with  an  excess  of  (NH/)2G0«  solution, 
for  40  hours  at  290°  C,  64  hours  at  310°  C,  and  10  days  at  320°  C. 
Chemical  analysis  of  the  product  was  reported  to  be  89.64  percent  lead 
(theoretical  = 89.62  percent).  The  x-ray  diffraction  pattern  was  re- 
ported to  agree  with  that  listed  in  the  ASTM  catalog.  King  [23]  re- 
ported = 36.3ct0.7  eu,  which  was  adopted. 
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Lead  Dioxide,  PLO2,  239*21 


Russell  [35]  (-1880  to  46®  C)  and  Millar  [29]  (70°  to  297°  K)  reported 
heat-capacity  measurements  on  lead  dioxide.  The  sample  investigated  by 
Millar  [29]  was  prepared  by  electrolysis  of  an  acidic  solution  of  lead 
nitrate.  The  average  of  three  analyses  for  active  oxygen  on  the  product 
indicated  99.5  percent  of  the  theoretical  quantity.  Millar  [29]  reported 
SI93  = 18.27  eu.  Kelley  and  King  [22]  lists  18.3±0.5  eu,  which  was 
adopted.  NBS  Circular  500  [34]  lists  18.3  eu. 

Lead  Fluoride,  PbF2,  241.21 

No  low-ten^erature  heat-capacity  data  were  found.  NBS  Circular 
500  [34]  lists  an  estimated  S298  = 29  eu.  Kelley  and  King  [22]  estimated 
S298  “ 23.0db0.5  eu,  which  was  adopted. 

Lead  Chloride,  PbCl2»  278.124 

Eucken  [ll]  (at  three  mean  temperatures:  +17.5°,  -67.5°,  and  -166.5°  C) 
and  Nernst  [30]  (l6°  to  88°  K)  measured  the  heat  capacity  of  PbCt2*  The 
purity  of  the  samples  investigated  is  not  known.  From  these  measurements 
Kelley  and  King  [22]  estimated  S298  = 34.Ctfcl.0ea.  From  cell  measurements, 
Gerke  [13]  obtained  AS|9g  = -8.58  eu  for  the  reaction; 

Pb(c)  + AgCt(c)  = PbCt2(c)  + 2Ag(c) 

and  A Sggg  = 6.70  eu  for  the  reaction: 

Pb(c)  + 2HgCt(c)  = PbCtg(c)  + 2Hg(l). 

The  entropies  at  298.15°  K of  PbCt2(c)  corresponding  to  the  above  reactions 
calculated  by  Kelley  and  King  [22]  are  32.5±0.5  and  32.2fcl.O  eu,  res- 
pectively. NBS  Circular  500  [34]  lists  S298  = 32.6  eu.  This  value  was 
adopted. 

Lead  Bromide,  PbBr2>  367.042 

Heat  measurements  on  PbBr2  have  been  reported  by  Barschall  [l] 

(-183°  to  -75°  C)  and  by  Latimer  and  Hoenshel  [26]  (l8®  to  297®  K). 

Latimer  and  Hoenshel  [26]  prepared  the  PhBr2  sample  from  c.p.  Pb(N03)2 
and  KBr  by  precipitation.  The  PbBr2  precipitate  was  washed  and  finally 
dried  at  120®  C.  Latimer  and  Hoenshel  [26]  reported  = 39.7±0.45  eu. 
Kelley  and  King  [22]  calculated  S293  = 38.6±0.5  eu  on  the  basis  of  the 
same  data.  NBS  Circular  500  [34]  lists  S298  = 38.6  eu,  which  was  adopted. 

Lead  Iodide,  Pbl2»  461.03 

Nernst  and  Schwers  [31]  (22®  to  96®  K)  measured  the  heat  capacity  of 
Pbl2.  Recently,  Westrum  [40]  measured  the  heat  capacity  of  this  substance 
in  the  range  6®  to  300®  K.  The  latter  results,  however,  have  not  been 
published  as  yet.  Kelley  and  King  [22]  estimated  S|9g  = 41.3±1.5  eu  based 
on  the  measurements  of  Nernst  and  Schwers  [31].  Gerxe  [13]  obtained 
Z^^8  = -1.20  for  the  reaction: 

Pb(c)  + 12(c)  Pbl2(c), 
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from  cell  measurements,  from  which  Kelley  and  King  [22]  calculated  8290= 
42.2t0.5  eu  for  Phl2(c;.  NBS  Circular  500  [34]  lists  S290  = 42.3  eu. 

The  latter  value  was  tentatively  adopted  until  Westrum*s  low-teii5)erature 
heat-capacity  data  become  available. 

Lithium  Bromide.  LiBr.  86.856 

No  low-temperature  heat-capacity  data  have  been  found.  Kelley  and 
King  [22]  give  an  estimated  value  of  S293  = l6.QtO,5  eu,  which  was 
tentatively  adopted. 

Lithium  Iodide.  Lil . 143.850 

No  low-tenperature  heat-capacity  data  have  been  found.  Kelley  and 
King  [22]  give  an  estimated  value  of  S293  = 17.5±0.5  eu,  which  was 
tentatively  adopted. 

Beryllium  Bromide,  BeBr2j  168,845 

No  low-temperature  heat-capacity  data  have  been  found. 

Beryllium  Iodide,  Bel2>  262.833 


No  low-temperature  heat-capacity  data  have  been  found. 

Magnesium  Bromide,  MgBr2>  184.152 

No  low-tenperature  heat-capacity  data  have  been  found.  Kelley 
and  King  [22]  give  an  estimated  value  of  = 28.011,0  eu,  which 

was  tentatively  adopted. 

Magnesium  Iodide,  Mgl2,  278.14 

No  low-temperature  heat-capacity  data  have  been  found.  Kelley  and 
King  [22]  give  an  estimated  valiie  of  S293  = 31. Oil. 0 eu,  which  was 
tentatively  adopted. 

Aluminum  Bromide,  AtBr^,  266.728 

No  low-temperature  heat-capacity  gata  have  been  found.  NBS  Circular 
500  [34]  lists  an  estimated  value  of  S-gg  = 44  eu,  which  was  tentatively 
adopted. 

Alumi num  Iodide,  AII3,  407.71 


No  low-temperature  heat-capacity  data  have  been  found.  Corbett  and 
Gregory  [8]  Investigated  the  equilibrium  of  the  reaction; 

^ Atlo(c)  + 3HCt(g)  -+  AlCl^{c)  + 3Hl(g) 
and  obtained  AB’298  “ -o.7±0.2  kcal  for  the  reaction.  Using  values  of 
AFf  (at  298.I50K)  given  in  NBS  Circular  500  [34],  Corbett  and  Gregory  [8] 
calculated  (at  298.15°K)  for  All^{c)  to  be  -74.4  kcal.  NBS  Circular 
500  [34I  lists  -75.0  kcal  for  this  quantity.  Corbett  and  Gregory  [8]  cal- 
culated 8203=46.0  eu.  Kelley  and  King  [22]  assigned  the  uncertainty  ±2.0  eu 
to  this,  NBS  Circular  500  [34]  lists  an  estimated  value  of  8003=48  eu.  The 
valufl  S§93=46.0±2.0  eu  was  adopted. 
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TABLE  I 


Entropy  of  Some  Conjjounds  of  Tungsten 
and  of  Lead  in  the  Solid  State 


Chemical 

Formula 

Gram 

Formula 

Mass 

^298 

cal/deg  mole 

References 

W 

183 086 

7.83 

[7] 

WO2 

215.86 

12.08±0.07 

[24] 

wo^ 

23r.86 

18.15±0.12 

[24] 

WF6 

297.86 

no  data 

— 

wct^ 

396.602 

no  data 

— 

Pb 

207.21 

15.51 

[34] 

PbO  (yellow) 

223.21 

l6.1t0.2 

[23] 

PbO  (red) 

223.21 

15.6±0.2 

[23] 

685.63 

50.5±1.6 

[22,34] 

PbgOj 

462,42 

36.3£0.7 

[23] 

PbOj 

239.21 

I8.3=t0.5 

[22,34] 

PbF, 

241.21 

23.Cfcfc0.5 

[22] 

PbCl^ 

278.124 

32.6 

[22,34] 

PbBr^ 

367.042 

38.6t0.5 

[22,34] 

Pbi, 

461.03 

42.3 

[22,34] 

TABLE  II 

Entropy  of  the 

Bromides  and  Iodides 

of  Li,  Be,  At, 

and  Mg 

Chemical 

Formula 

Gram 

Formula 

Mass 

^298 

cal/deg  mole 

References 

LlBr 

86.856 

l6.Cfcfc0.5 

[22] 

Lil 

143.850 

17.5±0.5 

[22] 

BeBr2 

168.845 

no  data 

— 

Bel, 

262.833 

no  data 

— 

MgBr^ 

184.152 

28,Qtl.O 

[22] 

278.14 

31.Qtl.0 

[22] 

AtBr^ 

266.728 

44 

[34] 

All^ 

407.71 

46.Qt2.0 

[22] 
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CHAPTER  5 


A RECENT  SURVEY  OF  REPORTED  HIGH-TEMPERATURE 
HEAT  CONTENTS  AND  HEAT  CAPACITIES 
by  Thomas  B.  Douglas  and  Willis  R.  Thurber 


Beginning  with  the  first  report  of  this  series  (NBS  Report  6297, 
January  1,  1959)>  heat-content  and  heat-capacity  data  on  condensed  phases 
of  propulsion  interest  have  been  compiled.  It  was  not,  however,  until 
the  second  report  (NBS  Report  6484,  July  1,  1959)  that  the  extensive 
task  was  seriously  begun  to  select  "best"  values  of  these  properties 
and  to  make  adjustments  of  the  values  such  that  the  resulting  tables 
of  thermodynamic  functions  would  not  have  discontinuities  reflecting 
the  many  obvious  discordances  of  data  covering  different  temperature 
ranges.  All  the  tables  of  thermodynamic  functions  of  condensed  phases 
issued  so  far  in  our  NBS  program  are  to  be  found  in  the  fourth  and 
fifth  reports  (NBS  Report  6928,  1 July  I960;  NBS  Report  7093,  1 January 
I960) . 

Because  new  data  are  constantly  being  reported,  and  also  especially 
because  additional  elements  and  their  compounds  have  acquired  considerable 
propulsion  interest,  we  recently  began  an  up-to-date  survey  of  the 
available  data  on  heat  contents  and  heat  capacities  of  a selected  list 
of  light-element  substances  "at  high  temperatures"  (above  the  ice-point, 
273°K).  The  results  thus  far  obtained  are  tabulated  below  (Table  l) . 

They  are  preliminary  and  incomplete  in  two  respects:  (l)  We  have  made 
no  attempt  so  far  to  assess  many  of  the  data  and  arrive  at  "best"  values, 
and  (2)  the  sources  of  information  covered,  while  complete  in  principle, 
do  not  include  such  obvious  alternative  sources  as  abstract  journals 
(except  in  the  case  of  a few  substances).  The  survey  began  with  a well**' 
known  critical  compilation  (U.  S.  Bur.  Mines  Bulletin  584) , and  to  that 
extent  (l)  covers  all  early  data  still  considered  of  value,  and  (2) 
includes  values  for  gases  based  on  published  experimental  or  estimated 
molecular  constants. 

With  the  following  specific  statement  of  substances  and  sources  of 
information  covered,  the  table  should  be  useful  as  a starting  point 
for  more  detailed  surveys,  and  also  by  indicating  in  which  cases  high- 
temperature  heat-content  data  are  probably  inadequate  or  totally  lacking. 

Substances  Covered,  and  Order  of  Listing  — Table  1 is  divided  into 
twelve  sections.  Each  section  covers  one  of  the  following  elements  and 
its  compounds  (listed  in  the  order  of  presentation);  At,  Be,  B,  Hf,  Pb, 

Li,  Mg,  Hg,  K,  Ti,  W,  and  Zr.  (All  con^jounds  including  two  of  these 
elements  are  listed  twice  — i.e.,  in  the  sections  for  both  elements.) 

For  each  of  these  elements  are  included  only  the  free  element,  compounds 
with  others  of  the  above  elements,  and  confounds  with  H,  0,  F,  Cl,  Br, 
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I,  N,  C,  and/or  Si.  For  each  substance  the  reported  Investigations  are 
listed  in  chronological  orderj  on  the  basis  that  a later  investigation 
is  often  (though  frequently  not)  more  accurate  or  more  extensive  than 
an  earlier  one. 


Sources  of  Information  Covered  — The  dates  in  parentheses  indicate 
the  period  of  time  for  which  literature  coverage  is  claimed  by  the  given 
reference  source . 

1.  U.  S.  Bureau  of  Mines  Bulletin  584>  I960  (same  as  refer- 
ence [37])  (to  Septenflser  1958). 


2.  "Annual  Review  of  Physical  Chemistry,"  Volume  10 — chapter 
entitled  "Thermochemistry  and  Thermodynamic  Properties  of  Substances," 
by  J.  M.  Sturtevant  — Annual  Reviews,  Inc.,  Palo  Alto,  Calif.,  1959, 
pp.  1-30  (Dec.  1957  to  Dec.  1958). 

3.  ^Annual  Review  of  Physical  Chemistry,"  Volume  11  — chapter 
entitled  "The nno chemistry  and  Thermodynamic  Properties  of  Substances," 
by  Jo  P.  McCullough  — Annual  Reviews,  Inc.,  Palo  Alto,  Calif.,  I960, 

pp.  1-20  (Dec.  1958  to  Dec.  1959). 

4.  "Bibliography  on  the  High  Temperature  Chemistry  and  Physics 
of  Materials  in  the  Condensed  State"  (covering  the  literature  of  several 
countries).  International  Union  of  Pure  and  Applied  Chemistry,  Commission 
on  High  Teirperatures  and  Refractories,  Sub-Commission  on  Condensed  States, 
Jan.  i960  through  Mar.  1961  (5  issues),  172  pages. 


5.  Journal  of  Physical  Chemistry,  Jan.  1959  through  June  1961. 

6.  Journal  of  Chemical  Physics,  Jan.  1959  through  June  1961. 

7.  Journal  of  the  American  Chemical  Society,  July  5,  I960, 


through  June  5,  1961. 

8»  Bulletin  of  Chemical  Thermodynamics,  "No.  4>  1961," 
March  20,  1961  (same  as  reference  [38]). 


Further  Comments  on  Table  1 — As  is  customary,  the  empirical 
formulas  are  given  for  condensed  states,  but  the  true  molecular  formulas 
are  given  for  gases.  The  physical  state  is  designated  as  crystalline(c) , 
liquid  (t),  gas  (g),  amorphous,  or  glass,  with  a distinction  among 
different  crystalline  forms  if  the  existence  of  more  than  one  is  recog- 
nized. The  actual  tenperature  range  of  measurements  on  a condensed 
phase  is  given  where  it  was  possible  to  ascertain  it  in  the  time  available, 
with  an  attenpt  to  indicate  the  cases  where  the  temperature  scale  referred 
to  is  ambiguous.  Even  the  sources  of  information  listed  above  were  not 
covered  completely  with  respect  to  "low-temperature"  measurements  which 
extend  only  up  to  or  slightly  above  room  temperature,  as  this  temperature 
region  has  been  covered  thoroughly  for  many  of  the  elements  listed 
above  (but  yet  incoirpletely  for  many  of  the  other  elements)  by  another 
group  in  the  NBS  program.  Finally,  it  may  be  mentioned  that  the  absence 
from  the  table  of  the  description  "critical  compilation"  is  in  some  cases 
due  to  lack  of  information  rather  than  real  evidence  that  critical  selection 
was  not  used. 
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For  the  substances  covered  in  the  present  survey,  all  individual 
investigations  included  in  U.  S.  Bureau  of  Mines  Bulletin  584  have 
been  given  separately  in  the  table  below,  but  the  Bulletin  must  be 
consulted  for  the  original  references.  For  each  particular  substance 
and  state  where  that  Bulletin  lists  more  than  one  reference,  the  coliunn 
"Rating  by  Bulletin  584"  lists  "1"  if  the  Bulletin  italicized  the 
reference  ("given  greatest  weight")  or  "2"  if  not  italicized  ("not 
given  greatest  weight"). 

Heat  Content.  Melting  Point,  and  Heat  of  Fusion  of  Beryllium 
Oxide  — As  noted  in  Table  1,  measurements  of  the  heat  content  of  BeO 
from  1200°K  to  the  melting  point  have  recently  been  reported  by  Kandyba, 
Kantor,  Krasovit skaya,  and  Fomichev  [14].  The  samples,  99.9%  BeO 
after  sintering  finally  at  1800°C,  were  contained  in  molybdenum  below 
2400°K  and  in  tungsten  above  this  temperature.  They  used  a vacuum 
furnace,  measured  temperatures  with  an  optical  pyrometer,  and  reported 
they  found  the  melting  point  of  BeO  to  be  2820°  ±9°  K,  which  agrees  with 
earlier  measurements  within  the  stated  precisions.  Their  smoothed  values 
of  the  heat  content  of  BeO(c)  are  represented  by  the  equation  (in  cal/mole 
at  T°  K)  (l200O-2820°K) 

H^  - ^298.16  ^ ^ 

The  above  results  may  be  compared  with  values  in  NBS  Report  6484 
(July  1,  1959),  which  gave  (in  Table  2-8)  thermodynamic  functions  for 
BeO  (c)  up  to  2800°K  based  on  the  long  and  hence  Inaccurate  extrapolation 
of  the  heat  capacity  from  precise  measurements  made  only  up  to  1200°K. 

The  smoothed  heat  capacities  of  KKKF  are  1.8%  lower  at  1200°K,  4.4% 
higher  at  2000°K,  and  13.5%  higher  at  2800°K  and  should  of  course  be 
more  reliable  than  the  estimated  values  at  the  higher  temperatures. 

In  the  same  report  (NBS  Report  6484,  p.59),  the  heat  of  fusion  of 
BeO  was  estimated  as  being  about  17  kcal/mole  by  analogy  with  the  entropies 
of  fusion  of  MgO  and  FeO.  Although  KKKF's  heat-content  data  obviously 
reflect  varying  amounts  of  melting  at  2820°,  2822°,  and  2840°K,  if 
fusion  were  complete  at  the  last  temperature  (which  they  apparently  do 
not  claim),  their  data  would  give  a heat  of  fusion  of  15  kcal/mole. 

Although  based  on  a single  experimental  heat-content  value  in  the  liquid 
range,  this  value  thus  represents  a lower  limit  to  the  true  heat  of 
fusion. 
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TABLE  lo  REPORTED  INVESTIGATIONS  OF  THE  HIGH-TEMPERATTJRE 


HEAT  CONTENTS  AND  HEAT  CAPACITIES  OF  SELECTED  SUBSTANCES 


Formula 

Physical 

State 

Year 

Reported 

Author(s)  and  Reference  No» 

Temp. 

Ranse(°K) 

Rating 
by  [37] 

Comments 

Altuninum  ConiDounds 

At 

c 

1888 

Naccari  [37] 

293-593 

2 

c 

1903 

Tilden  [37] 

288-708 

1 

c 

1910 

Magnus  [37] 

289-820 

1 

c 

1914. 

Sjjhubel  [37] 

291-875 

1 

c,t 

1918 

Wust,  Meuthen,  Durrer  [37] 

273-1273 

2 

c 

1924 

Eastman,  Williams,  & Young  [37] 

293-873 

1 

C,t 

1926 

Aubery  and  Griffiths  [37] 

293-1036 

1 

c,l 

1926 

Umino  [37] 

273-1273 

2 

c 

1931 

Seekamp  [37] 

291-873 

1 

c 

1935 

Sato  [37] 

273-871 

2 

c 

1937 

Tsoherboff  and  Tsherniah  [37] 

290-373 

2 

c,l 

1938 

Awbery  [37] 

932 

2 

c 

1939 

Avramescu  [37] 

373-873 

2 

c,l 

1952 

Wittig  [37] 

932 

1 

c,l 

1955 

0elsen,0elsen,  and  Thiel  [37] 

932 

1 

c,l 

1955 

Oelsen,Rieskamp,  & Oelsen  [37] 

932 

1 

g 

1957 

Kolsky,Gilmer,  & Gilles  [37] 

0-8000 

critical  con^)!- 

lation 

c 

1910 

Schin5)ff  [37] 

290-373 

MH 

g 

1950 

Herzberg  [37] 

298-2000 

molecular  constant 

data 

A^0 

g 

1950 

Herzberg  [37] 

298-2000 

molecular  constant 

data 

c 

1912 

Lyashenko  [37] 

290-1483 

2 

c 

1926 

Miehr,  Immke,  & Kratzert  [37] 

281-1676 

2 

c 

1929 

Roth  and  Bertram  [37] 

293-1187 

2 

c 

1930 

Kolossowsky  and  Skoulski  [37] 

291-624 

2 

c 

1930 

Nevnnan  and  Brown  [37] 

300-1300 

2 

c 

1932 

Wilkes  [37] 

303-1973 

2 

c 

1933 

Esser, Averdieck,  & Grass  [37] 

273-1473 

2 

c 

1933 

Gronow  and  Schwiete  [37] 

293-1973 

1 

c 

1935 

Laschschenko  & Kompanskii  [37] 

289-1443 

2 

c 

1936 

Auzhbikovich  [37] 

295-1420 

2 

c 

1945 

Shomate  and  Naylor  [37] 

298-1788 

1 

c 

1947 

Ginnings  and  Corruccini  [37] 

273-1173 

1 

c 

1950 

Egan,Wakefield,  & Elmore  [37] 

273-1573 

1 

c 

1951 

Blomeke  and  Ziegler  [37] 

303-1172 

1 

c 

1953 

Ginnings  and  Furukawa  [37] 

273-1200 

1 

c 

1954 

Ewing  and  Baker  [37] 

303-978 

1 

c 

1954 

Oriani  and  Murphy  [37] 

273-786 

1 

c 

1955 

Rodigana  and  Gomel ’skll  [37] 

273-1673 

1 

c 

1955 

Shomate  and  Cohen  [37] 

298-1362 

1 

c- 

1956 

Furukawa, Douglas, MoCoskey,& 

273-1200 

1 

Ginnings  [37] 

c 

1956 

Lucks  and  Deem  [37] 

298-1508 

2 

c 

1956 

Walker,  Grand,  and  Miller  [37] 

303-976 

1 

c 

1957 

Olette  [24] 

1173,1500 

c 

1958 

Gomel 'skly  [12] 

373-il73 

c 

1958 

Margrave  and  Grlmley  [19] 

686-1261 

c 

1958 

McKeown  [21] 

273-1373 

c 

1958 

Medvedev  [22] 

7 

c 

I960 

Kirill in,Shelndlin,Chekhovskl[ 17] 

500-2000 

(°Cor°K?) 

c 

I960 

Romanovsky  and  Tarasov  [26] 

65-300 

c 

I960 

Shmidt  and  Sokolov  [ 28] 

326-987 

c 

1961 

Hoch  and  Johnston  [42]  1555-2278 

1200-2250 

c 

1946 

Shomate  and  Cook  [37] 

298-520 

At203.3H20 

c 

1946 

Shomate  and  Cook  [37] 

298-424 

Be  AlgO^ 

c 

1880 

Nilson  and  Pettersson  [37] 

273-373 

LiAt02 

c 

I960 

Christensen, Conway,  & Kelley  [5] 

298-1796 
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TABLE  1 (continued) 


Formula 

Physical 

Year 

Author(s)  and  Reference  No. 

Temp. 

Rating 

Comments 

State 

Reported 

Ranee (°K) 

by  [371 

Aluminum  Compounds 

{ cont . ) 

MgAt^O^ 

c 

1955 

Bonnickson  [37] 

298-1806 

c 

1955 

Bonnickson  [37] 

298-1803 

A-l^SiOj 
( sillimanite ) 

c 

1924 

Cohn  [37] 

293-1673 

2 

A^-  2^^  ^ ^ 
(andalusite) 

c 

1925 

Neumann  [37] 

273-1573 

A-tgSiOj 

(kyanite) 

c 

1925 

Neumann  [37] 

273-1573 

1 

c 

1930 

Kolossousky  & Skoulski  [37] 

289-615 

2 

At6Si20i3 

(mulllte) 

c 

1931 

Kolossowsky  [37] 

290-576 

KAtSiO, 

c 

1953 

Kelley,  Todd,  Orr,  King,  and 

298 

Bonnickson  [37] 

KAlSi20g^ 

c 

1953 

Kelley, Todd, Orr, King  and 

298 

Bonnickson  [37] 

KAtSi^Og 

Cjgls 

1909 

White  [37] 

273-1373 

C,t 

1959 

Kelley, Bar  any, King,  SChristensen 
[37] 

298-1804 

AtF 

g 

1950 

Herzberg  [37] 

298-2000 

1 

mole  c . -const . dat  a 

g 

1959 

Altman  [l] 

0-6000 

molec.-const  .data 

AtF^ 

c 

1935 

Lyashenko  [37] 

290-1305 

2 

c 

1957 

O'Brien  and  Kelley  [37] 

298-UOI 

1 

AtF3*3.5H20 

c 

1903 

Baud  [37] 

288-326 

AtCt 

g 

1950 

Herzberg  [37] 

298-2000 

1 

mole  c.-const.dat a 

g 

1959 

Altman  [l] 

0-6000 

mole  0. -const  .data 

AlCl. 

0,1 

1931 

Fischer  [37] 

273-504 

J 

0,1 

unpubl. 

McDonald  and  Stull  [38] 

298-500 

c 

1903 

Baud  [37] 

288-327 

AtBr 

g 

1950 

Herzberg  [37] 

298-2000 

mole  c o -c  onst . d at  a 

g 

1959 

Altman,  [l] 

0-6000 

molec. -const  .data 

A-lBr^ 

c,l 

1931 

Fischer  [37] 

273-456 

All 

g 

1950 

Herzberg  [37] 

298-2000 

mole  c o - c onst . d at  a 

Atl^ 

c,t 

1931 

Fischer  [37] 

273-480 

AIN 

c 

1936 

Sato  [37] 

273-871 

c 

unpubl. 

Mezakil,Tilleux,&Margrave  [38] 
Kelley  140] 

7 (>298) 

c 

unpubl. 

<298-1800 

At(N03)3*6H20 

c 

1944 

Shomate  and  Kelley  [37] 

298 

Bervllium  Compounds 

Be 

1880 

Nilson  and  Pettersson  [37] 

273-573 

2 

1929 

Lewis  [37] 

282-463 

2 

c 

1929 

Magnus  and  Holzmann  [37] 

295-1173 

2 

c 

1934 

Jaeger  and  Rosenbohm  [37] 

273-1338 

2 

c 

1951 

Ginnings, Douglas, &Ball  [37] 

273-1170 

1 

c,t 

1956 

Stull  and  Sink®  [37] 

298-2700 

1 

g 

1957 

Kolsky, Gilmer,  & Gilles  [37] 

1 

compilation 

c,t 

1960 

Kanter,Krasov'ltskaya,Klsel  [l5] 

600-2200 

BeH 

g 

1950 

Herzberg  [37] ' 

mole  c o -c onst . d at  a 

BeO 

c 

1880 

Nilson  and  Pettersson  [37] 

273-373 

2 

c 

1926 

Magnus  and  Danz  [37] 

293-1175 

1 
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TABLE  1 (continued) 


Fomiula 

Physical 

State 

Year 

Reoorted 

Author (s)  and  Reference  No. 

Temp. 

Ranee(°K) 

Rating 

by  [37] 

Comments 

Beryllium  Coitpounds  (cont.) 

BeO  (conto) 

c,t 

I960 

KandybajKantor,Krasovitskayaj 

1200-2820 

Discussed  in  text 

and  Fomichev  [l4] 

of  this  chapter 

c 

unpubl. 

Victor  and  Douglas  [38] 

273-1173 

BeAtgO^ 

c 

1880 

Nilson  and  Pettersson  [37] 

273-373 

Be^SiO^ 

c 

1939 

Kelley  [37] 

298 

BeF 

g 

1950 

Herzberg  [37] 

298-2000 

molecular  constant 

data 

BeCt 

g 

1950 

Herzberg  [37] 

298-2000 

mole  c. -const  .data 

BeCl^ 

c to  t 

I960 

Furby  and  Wilkinson  [lO] 

672 

melting  point 

Be3N2 

c 

1938 

Sato  [37] 

273-773 

Boron  Conroounds 

B 

c 

1893 

Moissen  and  Gauthier  [37] 

273-507 

2 

c 

1926 

Magnus  and  Danz  [37] 

289-1174 

2 

Cjamorpho 

1956 

NBS  [37] 

1 

g 

1956 

NBS  [37] 

1 

C,t 

1956 

Stull  and  Sinke  [37] 

1 

g 

1957 

Kolsky, Gilmer, andGillis  [37] 

1 

c , amorph. 

I960 

Wise, Margrave, andAltman  [34] 

500-1200 

c 

1961 

McDonald  and  Stull  [20] 

298-1700 

7 

vmpubl. 

McDonald  and  Stull  [38] 

298-1700 

g 

1956 

NBS  [37] 

MgBg,  MgB^ 

c 

1957 

Svrift  and  White  [37] 

298 

c 

unpubl. 

Mez akl ,Tille aux, andMargr ave [ 38] 

?(>298) 

BH 

g 

1950 

NBS  [37] 

298-5000 

mole c .-const . data 

22^6 

g 

1956 

NBS  [37] 

298-3000 

\qHi4 

g 

1956 

NBS  [37] 

298-1000 

LiBH, 

4 

c 

1953 

Hallett  and  Johnston  [37] 

298 

KBH. 

4 

c 

1958 

Douglas  and  Harman  [37] 

298-700 

BO 

g 

1956 

NBS  [37] 

298-3000 

®2°3 

t,gls 

1929 

Samsoen  [37] 

491 

2 

glass 

1931 

Thomas  and  Parks  [37] 

306-622 

2 

c,t,gls 

1941 

Southard  [37] 

298-1777 

1 

HBO2 

g 

I960 

White ,Mann,Walsh,andSoinmer  [33] 

molec . -const . data 

LiBO^ 

c,i 

unpubl . 

McDonald  and  Stull  [38] 

298-1700 

KBO2 

c 

1841 

Regnault  [ 37 ] 

290-373 

’'2V7 

c 

1841 

Regnault  [37] 

290-373 

BF 

g 

1956 

NBS  [37] 

298-3000 

1 

g 

1959 

Altman  [l] 

mole  0 . -c  onst . dat  a 

BF3 

g 

1956 

NBS  [37] 

298-2500 

BCl 

g 

1956 

NBS  [37] 

298-3000 

1 

g 

1959 

Altman  [l] 

mole  c . -const . dat  a 

BCt^ 

g 

1956 

NBS  [37] 

298-2500 

®2“4 

c7 

1958 

Linevsky  and  Wartik  [39] 

7 

BBr 

g 

1956 

NBS  [37] 

298-3000 

1 

g 

1959 

Altman  [l] 

molec. -oonts.dat a 
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TABLE  1 (continued) 

Formula  Physical  Year  Author(s)  and  Reference  No.  Temp.  Rating  Comments 

State Reported ^ Ranee (°K)  by  [37l 


molec. -const .data 


Boron  Compounds  (cont.) 


BBr^ 

g 

1956 

BI3 

g 

1958 

BN 

c 

c 

c (cubic) 

1926 

unpub 1 
unpubl, 

B.C 

4 

c 

1949 

BH^CO 

g 

I960 

Hf 

1950 

c,l 

1951 

C,i 

1952 

C,l 

1956 

c,l 

1956 

HfO^ 

c 

1953 

HfF, 

0 

1959 

4 

C,g 

1959 

HfCt, 

Cjg 

1953 

4 

C,g 

1959 

HfBr, 

M- 

C,g 

1959 

Hfl, 

4 

C,g 

1959 

HfN 

c 

1959 

HfC 

c 

1959 

HfB^ 

c 

unpub] 

Pb 

1849 

c 

1855 

c 

1881 

c 

1886 

c 

1887 

c 

1892 

c,l 

1904 

c 

1905 

c 

1910 

c 

1913 

c 

1914 

C,l 

1918 

1919 

c,l 

1926 

C,t 

1926 

1 

1927 

1927 

c,l 

1928 

c 

1936 

c,l 

1948 

c,t 

1954 

1 

1955 

c,l 

1955 

c,t 

1955 

C,l 

c >g 

1956 

g 

1950 

PbH 

g 

1950 

PbO 

1913 

NBS  [37] 

Wentink  and  Tiensuu  [37] 

Magnus  and  Danz  [37] 

McDonald  and  Stull  [38] 
MezakijTilleux,  & Margrave  [38] 

King  [37] 

Sundaran  and  Cleveland  [30] 


Hafnium  Compounds 

Skinner, Beckett , & Johnston[37] 
Litton  [37] 

Adenstedt  [37] 

Deardorff  and  Hayes  [37] 

Stull  and  Sinke  [37] 


Orr  [37] 

Kaylor, Walden,  & Smith  [l6] 
Kelley  and  King  [37] 

Orr  [37] 

Kelley  and  King  [37] 

Kelley  and  King  [37] 

Kelley  and  King  [37] 

Kelley  and  King  [37] 

Kelley  and  King  [37] 

Mezaki,Tilleux, Margrave  [38] 

Lead  Compounds 

Person  [37] 

Bede  [37] 

Lorenz  [37] 

Spring  [37] 

Naccari  [37] 

LeVerrier  [37] 

Glaser  [37] 

Stucker  [37] 

Magnus  [37] 

Griffiths  and  Griffiths  [37] 
Schubel  [37] 

Wust ,Meuthen,&  Durrer  [37] 

I it  aka  [37] 

Awbery  and  Griffiths  [37] 

Umin  [37] 

Dixon  and  Rodebush  [37] 
Klinkhardt  [37] 

Magnus  and  Oppenheimer  [37] 
Bronson  and  Wilson  [37] 
Bartenev  [37] 

Douglas  and  Dever  [37] 

Oelsen  [37] 

Oelsen,  Oelsen,  and  Thiel  [37] 
Oelsen,Rieskamp,  & Oelsen  [37] 
Stull  and  Sinke  [37] 

Hultgren  and  co-workers  [37] 

Herzberg  [37] 

Herzberg  [37] 

Magnus  [37] 


294-1174 

298-1550 

?(>298) 

298-1726 

100-1000 

molec.-const.dat: 

2 

^ melting  point 

2 

melting  point 

2 

melting  point 

1 

melting  point 

298-3000 

1 

crit .compilation 

298-1804 

273-1103 

298-1500 

1 

(estd.  values) 
estimated  values 

298-486 

1 

1 

estimated  values 

298-700 

estimated  values 

298-800 

estimated  values 

298-2000 

estimated  values 

298-2000 

estimated  values 

?(>298) 

293-724 

2 

287-445 

2 

293-403 

2 

286-566 

2 

287-560 

1 

273-573 

2 

290-670 

2 

293-593 

2 

289-529 

1 

273-371 

1 

291-576 

2 

273-1273 

1 

293-914 

1 

291-759 

2 

273-1073 

2 

627-692 

2 

323-773 

2 

2 

heat  of  fusion 

273-393 

1 

273-673 

2 

273-1173 

1 

621-719 

2 

1 

heat  of  fusion 

2 

heat  of  fusion 

298-3000 

1 

crit . compilation 

298-2100 

1 

crit . compilation 

298-2000 

m:lec. -const .data 
mole  0 . -const . dat  a 

289-542 

1 
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TABLE  1 (continued) 


Fonmila 

Physical 

State 

Year 

Reported 

Author(s)  and  Reference  No. 

Temp. 

Ranse(°K) 

Rating 
by  [371 

C oimns  nt  s 

Lead  Compounds 

o 

o 

PbO  (conto) 

red 

1942 

Spencer  and  Spicer  [37] 

298-823 

1 

yellow 

1942 

Spencer  and  Spicer  [37] 

298-923 

1 

g 

1950 

Herzberg  [37] 

298-2000 

1 

mole c. -const  .data 

1954 

Richardson  and  Webb  [37], 

heat  of  fusion 

red 

1958 

King  [37] 

51-298 

yellow 

1958 

King  [37] 

51-298 

PbO^ 

1923 

Palmaer  [37] 

289-542 

1 

c 

1950 

Kelley  [37] 

298 

1 

crit.  coBpilation 

c 

1958 

King  [37] 

51-298 

""3°4 

c 

1950 

Kelley  [37] 

298 

crit.  compilation 

PbWO, 

4 

c 

1957 

Zharkova  and  Rezukhina  [35] 

401-749 

PbF„ 

c 

1909 

Schott ky  [37] 

273-307 

PbF 

g 

1950 

Herzberg  [37] 

298-2000 

mo  lec. -const .data 

PbCl 

g 

1950 

Herzberg  [37] 

298-2000 

molec J-const .data 

PbCt2 

c,l 

1885 

Ehrhardt  [37] 

273-813 

1 

c,l 

1909 

Goodwin  and  Kalmus  [37] 

298-841 

1 

c 

1910 

Magnus  [37] 

288-623 

1 

0,1 

1936 

Krestovnikov  and  Karetnikov  [37] 

288-1073 

2 

PbBr 

g 

1950 

Herzberg  [37] 

mole 0. -const .data 

PbBr^ 

c,l 

1885 

Ehrhardt  [37] 

273-796 

1 

c,l 

1909 

Goodwin  and  Kalmus  [37] 

298-860 

1 

Pbl 

g 

1950 

Herzberg  [37] 

298-2000 

mole  c . -c  onst . d at  a 

Pbig 

c,t 

1885 

Ehrhardt  [37] 

273-776 

1 

c 

1910 

Magnus  [37] 

290-523 

1 

Pb(N0^)2 

c 

1865 

Kopp  [37] 

289-320 

PbCO^ 

c 

1935 

Kelley  and  Anderson  [37] 

298-800 

crit . compilation 

(estd. values) 

PbSlO^ 

c,amorpho 

1950 

Kelley  [37] 

298 

crit . compilation 

Pb2SiO^ 

c 

1959 

King  [37] 

298 

Lithium  CoitiDounda 

Li 

c,l 

1905 

Laemmel  [37] 

273-453 

2 

c,t 

1906 

Kleiner  and  Thum  [37] 

298-455 

2 

0,1 

1907 

Bernini  [37] 

273-430 

2 

1 

1950 

Kubaschewski  [37] 

453-550 

2 

c to  1 

1952 

Kilner  [37] 

453 

2 

heat  of  fusion 

1 

1952 

Redmond  and  Lones  [37] 

503-1374 

2 

0,1 

1955 

Douglas,Epstein,Dever,&Howland[37] 

273-1173 

1 

C>^->g 

1955 

Evans, Jacobson,Munson,&Wagman[ 37] 

298-3500 

1 

crit.  compilation 

0,1 

1956 

Schneider  and  Hilmer  [37] 

403-553 

2 

^ 3^ 

1956 

Stull  and  Sinke  [37] 

298-3000 

1 

orit  .compilation 

g 

1957 

Kolsky, Gilmer,  & Gillis  [37] 

298-8000 

1 

crit  .compilation 

g 

1955 

E V an  s , J ac ob s on , Mun son , agman [ 37 ] 

298-3500 

1 

crit.  compilation 

g 

1956 

Stull  and  Sinke  [37] 

298-3000 

1 

crit.  ooE5>llatlon 

LiAt02 

c 

1960 

Christensen, Conway,  & Kelley  [5] 

298-1796 

LiBH. 

4 

c 

1953 

Hallett  and  Johnston  [37] 

up  to  298 

LiBOg 

0,1 

unpubl . 

McDonald  and  Stull  [38] 

298-1700 

LiK 

g 

1950 

Herzberg  [37] 

298-2000 

mole  0 . -const . d at  a 

Lia-KCt 

1 

unpubl. 

Douglas  and  Harman  [38] 

628-1073 

eutectic  mixture 

LiTiO^ 

0? 

I960 

Christensen, Conway,  & Kelley  [5] 

? 
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Fonmila 
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Year 

Renorted 

Author(s)  and  Reference  No. 

Temp. 
Ranee (°K) 

Rating 
by  [37] 

Comments 

Lithium  Compounds  ( cont . ) 

Li2Ti03 

c(a) ,o(p) ,l 

unpuhl. 

Bonnickson  [37] 

298-1850 

LiH 

c 

1950 

Kelley  [37]. 

298 

crlt.  compilation 

g 

1950 

Herzberg  [37] 

298-2000 

molec. -const  .data 

Li^O 

G 

1955 

Shomate  and  Coheh  [37] 

298-1045 

LiOH 

C 

1950 

Bauer, Johnston,  and  Kerr  [37] 

up  to  298 

1 

c,t 

1954 

Powers  and  Blalock  [37] 

273-1213 

2 

c,l 

1955 

Shomate  and  Cohen  [37] 

298-879 

1 

LiF 

c,l 

1954 

Douglas  and  Dever  [37] 

273-1169 

1 

c to  1 

1956 

Petit  and  Cremieu  [37] 

heat  of  fusion 

c? 

1958 

Sense  and  Stone  [37] 

7 

g 

1959 

Altman  [l] 

0-6000 

mole  e. -const . dat  a 

LiiJF^ 

c 

1961 

Westrum  and  Burney  [32] 

6-305 

LiCf. 

c 

1856 

Regnault  [37] 

286-370 

2 

c 

1926 

Huttig  and  Wehling  [37] 

276-363 

1 

g 

1957 

Klemperer  and  Rice  [37] 

1 

molec. -const .data 

g 

1959 

Altman  [l] 

0-6000 

mole c.-const.dat a 

c,l 

1959 

Rodigina,Gomel' skii ,&Luginina[25] 

367-1075 

c to  1 

I960 

DTij'orkln  and  Bredig  [7] 

883 

heat  of  fusion 

c 

I960 

Shirley  [27] 

15-325 

c,l 

unpuhl. 

Douglas  & Harman  [38] 

273-1173 

LiCi“H20 

c 

1929 

Slonim  & Huttig  [37] 

279-360 

LlBr 

c 

1926 

Huttig  and  Wehling  [37] 

276-364 

1 

Ofl  fg 

1957 

Klen^ierer  and  Rice  [37] 

298-2000 

1 

0,1 

1958 

Blana  [3] 

819 

data  for  transitions 

g 

1959 

Altman  [l] 

0-6000 

molec. -const .data 

c to  A, 

I960 

Dworkin  and  Bredig  [7] 

heat  of  fusion 

LiBr‘H20 

c 

1929 

Slonim  & Huttig  [37] 

278-368 

Lil 

c 

1926 

Huttig  and  Wehling  [37] 

276-373 

1 

c,A,g 

1957 

Klemperer  and  Rice  [37] 

298-2000 

1 

0 to  A 

I960 

Dworkin  and  Bredig  [7] 

heat  of  fusion 

Lil  hydrates 

c 

1929 

Slonim  & Huttig  [37] 

277-359 

Li^N 

c 

1939 

Sato  [37] 

273-773 

LiNO^ 

c,A 

1909 

Goodwin  & Kalmus  [37] 

298-576 

c 

1936 

Brown  & Lattimer  [37] 

298 

Maeneslum  Comnounds 

Mg  0 

1881 

Lorenz  [37] 

293-403 

2 

c 

1905 

Stucker  [37] 

293-923 

2 

c 

1910 

Magpus  [37] 

289-812  . 

2 

c 

1914 

Schubel  [37] 

291-773 

1 

c 

1924 

East  man, Williams,  & Toung  [37] 

293-873 

1 

c,A 

1926 

Awberry  & Griffiths  [37] 

289-1023 

1 

c,A 

1928 

Zalesinskii  and  Zulinskii  [37] 

295-1048 

2 

c 

1930 

Losana  [37] 

293-573 

2 

c 

1931 

Seekamp  [37] 

291-773 

1 

c 

1935 

Poppema  and  Jaeger  [37] 

273-823 

2 

c 

1936 

Jaeger  and  Poppema  [37] 

273-823 

1 

A 

1950 

Kubaschewskl  [37] 

923-1133 

2 

c,A 

1955 

Stull  and  McDonald  [37] 

700-1100 

1 

0,1, g 

1956 

Stull  and  Slnke  [37] 

298-3000 

1 

c 

1957 

Wallace, Craig,Saba,  & Sterrett[37] 

.298-543 

1 

c 

1959 

Mannchen  & Bronkessel  [I8] 

12-300 

c,A 

Hultgren  [37] 

298-1500 

1 
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Temp. 

Rating 
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State 

Reoorted 

Ranee (°K) 

by  [37] 

Magnesium  Compounds  (conto) 

Mg^At3 

c 

1910 

Schinpff  [37] 

290-373 

c 

1955 

Bonnickson  [37] 

298-1806 

KMg3AtSi30ioF2 

c,t 

1959 

Kelley, Bar any, King,&Christensen 

[37] 

298-1804 

MgBr2 

c 

1957 

Swift  & White  [37] 

298 

MgB^ 

c 

1957 

Swift  & White  [37] 

298 

eMgO'MgCt^-SB^O. 

o(a) ,o(p) 

1883 

Mallard  [37] 

287-612 

c(a) ,c(p) 

1892 

Kroeker  [37] 

273-573 

Mga2°Ka 

c,t 

1935 

Lyashenko  [-37] 

290-797 

1 

1936 

Auzhbikovich  [37] 

273-1073 

2 

MgTi03 

c 

1946 

Naylor  & Cook  [37] 

298-1720 

Mg2TiO^ 

c 

1952 

Orr  & Coughlin  [37] 

298-1818 

MgTi203 

c 

1952 

Orr  & Coughlin  [37] 

298-1812 

MgH 

g 

1950 

Herzberg  [37] 

298-2000 

1 

mole c. -const .data 

g 

1958 

Veits,GuT7'ich,  & Rtishcheva[3l] 

calculated  values 

MgO 

c 

1913 

Magnus  [37] 

288-1040 

1 

c 

1914 

Steger  [37] 

289-678 

2 

c 

1919 

Wartenberg  & Witzel  [37] 

415-2780 

2 

c 

1932 

Wilkes  [37] 

303-2073 

1 

c 

1935 

Lyashenko  [37] 

290-1466 

2 

c 

1936 

Auzhbikovich  [37] 

298-973 

2 

c 

1950 

Ajrthur  [37] 

296-1104 

2 

g 

1958 

Veits, G-urvlch,&Rtlshcheva  [3l] 

calculated  values 

c 

1959 

Barron, Berg, SMorrison  [2] 

? 

c (macro) 

unpubl. 

Victor  & Douglas  [38] 

273-1173 

Mg  (OH) 2 

c 

1865 

Kopp  [37] 

292-323 

2 

c 

1935 

Laschshenko  & Kompanskii  [37] 

283-667 

1 

MgF„ 

c 

1934 

Krestovnikov  & Karentnikov  [37] 

288-1273 

2 

c,l 

1945 

Naylor  [37] 

298-1760 

1 

g 

1950 

Herzberg  [37] 

mole  0 . -const . d at  a 

MgCl 

C,l 

1935 

Lyashenko  [37] 

292-1025 

2 

C,t 

1936 

Auzhbikovich  [37] 

273-1073 

2 

1943 

Moore  [37] 

298-1428 

1 

g 

1950 

Herzberg  [37] 

298-1700 

mole  c . -const . dat  a 

MgCi-2  hydrates 

c 

1945 

Kelley  [37] 

estimated  equations 

MgOHCl 

c 

1945 

Kelley  [37] 

298-850 

estimated  equations 

MgBr 

g 

1950 

Herzberg  [37] 

298-2000 

mole  0 . -0  onst . dat  a 

Mgl 

g 

1950 

Herzberg  [37] 

298-2000 

mole  c. -const  .data 

Mg.N 

o(a) 

1938 

Sato  [37] 

273-690 

2 

c(a,p,Y) 

1949 

Mitchell  [37] 

298-1273 

1 

Mg(N03)2 

c 

1944 

Shomate  [37] 

298-623 

MgC03 

c 

unpubl. 

Shomate  [37] 

298-743 

c 

1910 

Schln?)ff  [37] 

290-373 

MgSiO_ 

1919 

White  [37] 

273-1173 

1 

amphlbole -type 

1919 

White  [37] 

273-773 

1 

pyroxene-type 

glass 

1919 

White  [37] 

273-973 

1 

c 

1932 

Wagner  [37] 

273-1570 

clinoenstatite 

Mg2SiO^ 

1953 

Orr  [37] 

298-1808 

forsterlte 
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Formula 

Physical 

State 

Year 

Reported 

Author(s)  and  Reference  No. 

Temp. 
Ranee (°K) 

Rating 
by  [37] 

Comment  s 

Mercurv  ComDounds 

Hg 

1 

1818 

Dulong  and  Petit  [37] 

273-573 

2 

1 

1888 

Naccarl  [37] 

289-499 

2 

1 

1889 

Milthaler  [37] 

273-473 

2 

1 

1902 

Gaede  [37] 

290-366 

2 

1 

1912 

Lussana  [37] 

291-435 

2 

1 

1927 

Dixon  and  Rode bush  [37] 

3U-430 

2 

1951 

Douglas, Ball, andGinnings[37] 

298-773 

1 

^•jg 

1956 

Stull  and  Sinke  [37] 

298-3000 

1 

crit.  compilation 

g 

1957 

Kolsky, Gilmer,  & Gilles  [37] 

298-8000 

1 

crit.  compilation 

Hg2 

g 

1950 

Herzberg  [37] 

298-2000 

molec. -const .data 

HgH 

g 

1950 

Herzberg  [37] 

298-2000 

mole c. -const .data 

HgO 

(red) 

1953 

Bauer  and  Johnston  [37] 

298 

HgF 

g 

1950 

Herzberg  [37] 

298-2000 

mole c. -const.dat a 

HgCt 

g 

1950 

Herzberg  [37] 

298-2000 

1 

molec. -const  .data 

c 

1950 

Kelley  [37] 

298 

1 

crit.  compilation 

HgCt^ 

c 

1841 

Regnault  [37] 

285-372 

g 

1956 

Klemperer  and  Lindeman  [37] 

298-1000 

molec. -const  .data 

HgBr 

g 

1950 

Herzberg  [37] 

298-2000 

mole  c . -c  onst . dat  a 

HgBr^ 

g 

1956 

Klemperer  and  Lindeman  [37] 

298-1000 

mole  0 0 -const  0 dat  a 

Hgl 

c 

1841 

Regnault  [37] 

289-372 

g 

1950 

Herzberg  [37] 

298-2000 

mole  c . -0 onst . dat  a 

Hglp 

c(a) ,c(p) ,t 

1907 

Guinchant^  [37] 

273-600 

1 

g 

1936 

Landolt-Bornstein  [37] 

1 

mole  c. -const. dat a 

g 

1956 

Klemperer  and  Lindeman  [37] 

1 

molec. -const  .data 

Potassium  Compounds 

K 

c,t 

1906 

Bernini  [37] 

273-430 

2 

C,t 

1913 

Rengade  [37] 

273-373 

2 

c,l 

1927 

Dixon  and  Rode bush  [37] 

363-454 

1 

C,l 

1939 

Carpenter  and  Stewart  [37] 

273-610 

1 

0,1 

1946 

NBS  [37] 

298-500 

1 

0,1 

1952 

Douglas , B all , Ginning  s , andDavl s [ 37 ] 

298-1070 

1 

c jg 

1955 

Evans, Jacobson, Munson  [37] 

273-2500 

1 

a critical  survey 

paper 

yE 

1956 

Stull  and  Sihke  [37] 

298-3000 

1 

critical  compi- 

1 at  ion 

g 

1953 

Griffel  [37] 

298-3000 

1 

KLi 

g 

1950 

Herzberg  [37] 

298-2000 

mole  c 0 -const . d at  a 

g 

1957 

Kolsky, Gilmer,  and  Glllis  [37] 

298-8000 

1 

crit.  compilation 

KH 

g 

1950 

Herzberg  [37] 

298-2000 

molec. -const .data 

KBH. 

4 

c 

1958 

Douglas  and  Harman  [37] 

298-700 

KO^ 

c 

1953 

Todd  [37] 

298 

KBO2 

c 

1841 

Regnault  [37] 

290-372 

c 

1842 

Regnault  [37] 

290-372 

KF 

c,t 

1935 

Lyashenko  [37] 

290-1187 

1 

c 

1949 

Westrum  and  Pitzer  [37] 

298-530 

1 

g 

1950 

Herzberg  [37] 

mole  c 0 -const . dat  a 

c to  1 

1956 

Petit  and  Cremieu  [37] 

heat  of  fusion 

KHF2 

c(a)  ,c(|3)  ,t 

1949 

Westrum  and  Pitzer  [37] 

298-523 

KCl 

c,t 

1906 

Plato  [37] 

293-1208 

2 

c 

1913 

Magnus  [37] 

289-823 

1 

c,t 

1935 

Lyashenko  [37] 

290-1127 

1 

c 

1940 

Popov,  Skuratov,  Nikonova  [37] 

293-923 

2 

c 

1951 

Mustajoki  [37] 

334-721 

1 
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Author (s)  and  Reference  Noo 

Temp. 

Rating 

Comments 

St  ate 

ReDorted 

Ranee (°K) 

bv  [37I 

Potassium  Co35>ounds  (conto) 

KCt  (cont.) 

c 

1956 

StreUcov  [29] 

7 

g 

1957 

Rice  and  Klemperer 

298-2000 

c? 

1958 

ChernyaevjPalkin,  andBaranova  [4] 

7 

c to  t 

i960 

Dvorkin  and  Bredig  [7] 

heat  of  fusion 

c,t 

unpubl . 

Douglas  and  Harman  [38] 

273-1173 

KCi“LiCt 

1 

unpubl. 

Douglas  and  Harman  [38] 

628-1073 

eutectic  mixture 

KMgCt, 

c,l 

1935 

Lyashenko  [37] 

290-797 

1 

3 

c,l 

1936 

Auzhbikovich  [37] 

273-1073 

2 

KCtO^ 

0 

1934 

Latimer ,Schutz,  and  Hicks  [37] 

298 

KCtO^ 

c 

1930 

Latimer  and  Ahlberg  [37] 

298 

KBr 

c 

1913 

Magnus  [37] 

289-543 

1 

c 

1951 

Mustajoki  [37] 

325-702 

2 

c 

1953 

Cooper  [37] 

298-993 

1 

c 

1954 

Voskresenskaya  & Banashek  [37] 

697-751 

2 

g 

1957 

Rice  and  Klemperer  [37] 

298-2000 

c to  1 

1958 

Blane  [3] 

1005 

data  for  transitions 

0 to  t 

1960 

Dworkin  and  Bredig  [7] 

heat  of  fusion 

KBrO^ 

c 

1934 

Ahlberg  and  Latimer  [37] 

298 

KI 

g 

1950 

Herzberg  [37] 

298-2000 

mole c. -const .data 

c 

1953 

Cooper  [37] 

298-973 

c to  t 

I960 

Dworkin  and  Bredig  [7] 

heat  of  fusion 

KIO^ 

c 

1934 

Ahlberg  and  Latimer  [37] 

298 

KNO, 

1 

1847 

Person  [37] 

623-708 

2 

3 

o(a)  ,c(|3)  ,l 

1909 

Goodwin  and  Kalmus  [37] 

298-684 

1 

K2CO3 

c 

1841 

Regnault  [37] 

295-373 

KAtSiO, 

c 

1953 

Kelley, Todd, Orr, King, aBonnickson 

298 

4 

[37] 

KAtSi^O^ 

c 

1953 

Kelley , Todd, Orr,  & Bonnickson  [37] 

298 

KAlSi^Og 

c,gls 

1919 

White  [37] 

273-1373 

KMg3AtSi303^QF2 

c,l 

1959 

Kelley , Bar  any , ?!ing  ,&Chri  stensen 
[37] 

298-1804 

Titanium  Compounds 

Ti 

c to  t 

1886 

Oriani  and  Jones  [37] 

1 

melting  point 

c(a) 

1887 

Nilson  and  Pettersson  [37] 

273-713 

2 

c(a) ,o(p) 

1936 

Jaeger, Rosenbohm,  & Fonteyne  [37] 

293-1476 

1 

g 

1951 

Gillls  and  Wheatly  [37] 

298-5000 

1 

1954 

Kolsky  and  Glllis  [37] 

298-8000 

1 

0 to  t 

1954 

Schoefield  [37] 

2 

heat  of  transition 

c to  t 

1956 

Dear dor ff  and  Hayes  [37] 

1 

melting  point 

c (a),o(|3) 

1956 

Stull  and  Sinke  [37] 

298-3000 

1 

crit.  compilation 

g 

1957 

Kolsky ,Gilmer,  & Gillls  [37] 

298-8000 

1 

crit . con5>llatlon 

c 

1959 

Golutvin  [11] 

388-1402 

o(a) ,c(p) 

1959 

Kelley  and  Mah  [37] 

298-2000 

1 

TiB^ 

c 

1957 

Walker, Ewing,  & Miller  [37] 

303-977 

TiO 

o(a),c(p) 

1946 

Naylor  [37] 

298-1771 

TiO 

c 

1887 

Nilson  and  Pettersson  [37] 

273-713 

2 

anatase 

1946 

Naylor  [37] 

298-1305 

rutile 

1946 

Naylor  [37] 

298-1746 

c 

1950 

Arthur  [37] 

295-1072 

2 

c 

1956 

Lietz  [37] 

290-1283 

2 

c(a)  ,c(p) 

1946 

Naylor  [37] 

298-1750 
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Tear 
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Author(s)  and  Reference  No. 

Temp. 
Range (°K) 

Rating 
by  [37] 

C oiniQS  rrb  s 

Titaniom  Compounds 

0 

0 

c(a) ,c(p) 

1946 

Naylor  [37] 

298-1340 

c 

1955 

Bonnlckson  [37] 

298-1803 

LiTiO^ 

c7 

i960 

Christensen, Conway,  & Kelley  [5] 

7 

Li2T10^  c 

:(a),c(p),t 

unpub 1. 

Bonnickson  [37] 

298-1850 

MgTiO^ 

c 

1946 

Naylor  and  Cook  [37] 

298-1720 

Mg^TiO^ 

c 

1952 

Orr  and  Coughlin  [37] 

298-1818 

MgTi^Oj 

c 

1952 

Orr  and  Coughlin  [37] 

298-1812 

TiF^ 

c 

1961 

Euler  and  We  strum  [8] 

6-304 

estimated  values 

TlCt 

g 

1950 

Herzberg  [37] 

298-2000 

mole  c . -const . dat  a 

TlCl2 

c 

1959 

Kelley  and  Mah  [37] 

298-1200 

TiC^^ 

c 

unpub 1. 

Christensen  [37] 

298-1002 

T1C^, 

g 

1938 

Herman  [37] 

273-573 

1 

moleo.-const.data 

4 

1 

1955 

Hawkins  and  Carpenter  [37] 

29.8-500 

1 

*->g 

1959 

Kelley  and  Mah  [37] 

1 

TiBr^ 

c 

1959 

Kelley  and  Mah  [37] 

298-1200 

estimated  values 

TiBr^ 

G 

1959 

Kelley  and  Mah  [37] 

298-1200 

estimated  values 

TiBr, 

1954 

Skinner, Johnston,  & Bepkett  [37] 

298-3000 

1 

4 

C jg 

1959 

Kelley  and  Mah  [37] 

1 

moleo. -const .data 

g 

i960 

Miller  and  Carlson  [23] 

298-600 

mole  c. -const  .data 

Til2 

c 

1959 

Kelley  and  Mah  [37] 

298-1200 

estimated  values 

Til  2 

c 

1959 

Kelley  and  Mah  [37] 

298-1200 

estimated  values 

TH4 

Cj^jg 

1959 

Kelley  and  Mah  [37] 

298-2000 

estimated  values 

TIN 

c 

1938 

Sato  [37] 

273-773 

2 

c 

1946 

Naylor  [37] 

298-1738 

1 

TIC 

c 

1946 

Naylor  [37] 

298-1735 

TiSl 

c 

1959 

Golutvin  [11] 

378-1352 

TiSl^ 

c 

1959 

Golutvin  [11] 

407-1181 

TI5SI3 

c 

1959 

Golutvin  [11] 

381-1170 

Tungsten  Compounds 

W 

c 

1901 

Defacqz  and  Guichard  [37] 

288-696 

2 

c 

1912 

Corbino  [37] 

1073-2173 

2 

c 

1912 

Pirani  [37] 

613-1623 

2 

c 

1918 

Gaehr  [37] 

U16-2465 

2 

c 

1918 

Wjjrthing  [37] 

1200-2400 

2 

c 

1918 

Wust,  Meuthen,  and  Durner  [37] 

273-1773 

2 

c 

1922 

Smith  and  Bigler  [37] 

2368-2485 

2 

c 

1925 

Bockstahler  [37] 

2371-2486 

2 

c 

1926 

Magnus  and  Danz  [37] 

288-1173 

2 

c 

1927 

Jpnes  and  Langmuir  [37] 

273-3655 

2 

c 

1928 

Zwikksr  [37] 

1415-2521 

2 

c 

1929 

Bronson  and  Chisholm  [37] 

293-553 

2 

c 

1929 

Magnus  and  Holzmann  [37] 

294-1174 

1 

c 

1928,-30,-32 

Jaeger  and  Rosenbohm  [37] 

273-1873 

1 

c 

1933 

Bronson, Chisholm, andDockerty  [37] 

273-773 

1 

c 

1956 

Stull  and  Slnke  [37] 

298-3000 

1 

crit . coBpllat  Ion 

c? 

1958 

DeSorbo  [6] 

7 

c 

1961 

Hooh  and  Johnston  [4ll 

1000-3000 
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TABLE  1 (continued) 


Formula 

Physical 

State 

Year 

Reported 

Author(s)  and  Reference  No. 

Temp. 

Rang9(°K) 

Rating 
hy  [371 

Comments 

Tungsten  Compounds  (coht.) 

c 

I960 

King, Wilier,  & Christensen  [36] 

53-1800 

W0_ 

c 

1943 

Seitz,  Dunkerley,  & DeWitt  [37] 

298 

1 

c(a) ,c{p),t 

I960 

King,  Wilier,  & Christensen  [36] 

53-1836 

WPbO, 

4 

c 

1957 

Zharkova  and  Rezukhina  [35] 

401-749 

WF6 

g 

1952 

Burke , Smith,  & Nielsen  [37] 

298-1000 

1 

molec.-const .data 

g 

1953 

Gaunt  [37] 

298-500 

1 

mole  c 0 -0  onst . dat  a 

WSi2 

c 

unpuhl. 

Mazaki,Tilleny,  & Margrave  [38] 

7 (>298) 

Zirconium  Comcounds 

Zr 

c 

1934 

Jaeger  and  Veenstra  [37] 

294-1074 

1 

c 

1950 

Coughlin  and  King  [37] 

298-1371 

c to  t 

1952 

Adenstedt  [37] 

2 

melting  point 

c 

1952 

Redmond  and  Lones  [37] 

273-1309 

1 

c to  t 

1954 

Oriani  and  Jones  [37] 

1 

melting  point 

c to  1 

1956 

Deardorff  and  Hayes  [37] 

1 

melting  point 

g 

1956 

Kolsky  and  Gillis  [37] 

298-800 

1 

c,l 

1956 

Stull  and  Sinke  [37] 

298-3000 

2 

crlt.  compilation 

g 

1957 

Kolsky ,Gilmsr,  & Gillis  [37] 

298-8000 

1 

crit.  cojpllation 

c 

1957 

Scott  [37] 

363-1223 

1 

c 

1958 

Douglas  and  Victor  [37] 

273-1173 

1 

c(a) ,o(p) 

unpuhl. 

Skinner  and  Johnston  [38] 

1000-2100 

ZrH 

c 

1958 

Douglas  and  Victor  [37] 

273-1173 

ZrH^ 

c 

1961 

Flotou  and  Oshorne  [9] 

5-350 

ZrO 

c(a) ,c(p) 

1920 

Bradshaw  and  Emery  [37] 

298-1673 

1 

c(a) 

1934 

Jaeger  and  Veenstra  [37] 

294-1073 

2 

c(a) 

1950 

Arthur  [37] 

300-1265 

1 

c(a),c(p) 

1950 

Coughlin  and  King  [37] 

2 

ZrF, 

4 

0,1 

unpuhl . 

McDonald,  Stull,  & Sinke  [20] 

284-1226 

ZrC7  . 

c 

1950 

Coughlin  and  King  [37] 

estimated  values 

g 

unpuhl. 

Kelley  [37] 

ZrN 

c 

1950 

Coughlin  and  King  [37] 

298-1672 

Zr^N2 

c 

1938 

Sato  [37] 

273-773 

Zr^Sl- 

c 

unpuhl. 

Mezaki,Tllleu(^,  & Margrave  [38] 

7 (>298) 

ZrSiO, 

c 

1950 

Coughlin  and  King  [37] 

296-1823 

c 

unpuhl. 

Victor  and  Douglas  [38] 

273-1173 
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CHAPTER  6 


THERMODYNAMIC  PROPERTIES  OF  BORATES 
by  William  H.  Evans 


The  available  data  leading  to  values  for  the  heats  of  formation  at 
25°  C of  the  crystalline  borates  have  been  reviewed,  and  "best"  values 
are  summarized  below. 


Li20  - B2O3  system 

AHf  B203(c)  = -305.34±0.3  kcal/mole  (NBS  Report  7093) 
AHf  Ll20(c)  = -U2.At0.8  kcal/mole  (NBS  Circular  500) 


Based  on  heats  of  solution  in  2N  HNO3.  reported  by  Lo  Shartsls  and 
W.  Capps  (Jo  Am.  Ceram.  Soc.  27  (l954j)  and  G.  S.  Smith  (Ph.D.  Thesis, 
Penn.  State  Unlv.  (l959)).  The  agreement  is  good  (O.l^)  in  AHf. 


Li20*B203  [2LIBO2I  (extrapolated) 

AHf  = -40o4±1.0  kcal/mole 
= -488.2£l.3  kcal/mole 

Ll20*2B202  [Ll2B^0^] 

AHf  = -54.%i0.7  kcal/mole 
= -808. Oil o 4 kcal/mole 

LI2O  *3B203 

AHf  = -58.6£1.0  kcal/mole 
= -1117.Qtlo6  kcal/mole 

1120*46203 

m = -56.9±1.3  kcal/mole 
= -1420. 7±1. 9 kcal/mole 


from  oxides 
from  elements 


from  oxides 
from  elements 


from  oxides 
from  elements 


from  oxides 
from  elements 


Shartsls  and  Capps,  and  Smith  both  give  data  for  glasses. 


Na20-B203  system 

mf  6203(c)  = -305.34  ±0.3  kcal/mole  (NBS  Report  7093) 
AHf  Na20(c)  = -99.4  ±0.5  kcal/mole  (NBS  Circular  500) 


Based  on  heats  of  solution  in  2N  HNO3,  reported  by  L.  Shartsls  and 
Wo  Capps  (J.  Am.  Ceram.  Soc.  37,  27  (l954)),  G.  S.  Smith  (Ph.  D.  Thesis, 
Penn.  State  Univ.  (l959)),  and  by  G.  Grenier  and  D.  White  (J.  Phys. 

Chemo  61,  I68I  (1957)). 
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Na20*B20^  [2NaB02l 

The  data  of  Grenier  and  White,  ineasured  directly  on  the  compound, 
lead  to  AEif  = -472.0  ±1.3  kcal/mole  (from  elements).  The  extrapolated 
data  of  Shartsis  and  Capps  (which  agree  very  well  with  the  data  of  Smith 
for  Na20*2B20^  and  Na20*3B20o)  lead  to  -462.7  ±1.4  kcal/mole.  The  value 
from  Grenier  andWhlte  seems  to  be  too  negative;  it  leads  to  a vdlue,  from 
the  oxides,  of  -67.3  kcal/mole,  which  gives  -16.8  kcal/gram-atom  oxygen. 
The  corresponding  Li  and  K values  are  -10.1  and  -18.4;  the  extrapolated 
value  for  Na  is  -14. 5*  For  consistency,  we  select  the  extrapolated  value. 


Na20‘B20-^  [2NaB02l  (extrapolated) 


AHf  = -58.0  ±1.0  kcal/mole 

from 

oxides 

= -462.7  ±1.4  kcal/mole 

from 

elements 

Na20*2B203  [Na2B^0y} 

AHf  = -76.1  ±0.7  kcal/mole 

from 

oxides 

= -786.2  ±1.1  kcal/mole 

from 

elements 

N 32^  * 

AHf  = -85.3  ±1.0  kcal/mole 

from 

oxides 

= -1100.7  ±1.5  kcal/mole 

from 

elements 

Na20*4B203 

AHf  = -91.5  ±1.3  kcal/mole 

from 

oxides 

= -I4I2.3  ±1.8  kcal/mole 

from 

elements 

Shartsis  and  Capps,  and  Smith  both  give  data  for  glasses. 

Entropies  have  been  reported  for 

Na20*B202  ^298  “ 35.14  cal/deg  mole 

(Grenier  and  We strum,  J.  M.  Chem.  Soc.  78,  6226  (1956)) 

Na20«2B20^  ^298  ~ 45.30  cal/deg  mole 

(We strum  and  Grenier,  J.  Am.  Chem.  Soc.  72,  1799  (1957)) 


K2O  - B2O3  system 

m:  B203(c)  = -305.34  ±0.3  (NBS  Report  7093) 

ZiHf  K20(c)  = -86.4  ±0.5  kcal/mole  (NBS  Circular  500) 


Based  on  heats  of  solution  in  2N  HNOo,  reported  by  L.  Shartsis 
and  W.  Capps  (j.  Am.  Ceram.  Soc.  2Z>  27  (1954) )» 


K20»B203  [2KBO2]  (extrapolated) 


AHf  = 

K2O  0 2B2O3 
AHf  = 


-73 0 5 ±lo0  kcal/mole  K20°B203 

from  oxides 

-465.2  ±1.2  kcal/mole 

from  elements 

[K2B4O7] 

-99.3  ±0.7  kcal/mole 

from  oxides 

-796.3  ±1.1  kcal/mole 

from  elements 

78 


KgO • 3020^ 

ZlHf  = -110.1  ±-lcO  kcal/mole 
= -1112c 5 ±1.5  kcal/mole 

AHf  = -118.3  ±1.3  kcal/mole 
= -1426 cl  ±1.8  kcal/mole 

Shartsis  and  Capps  also  give  data  for  glasses. 


from  oxides 
from  elements 


from  oxides 
from  elements 


CaO»B203  system 

AHf  CaO(c)  = -151.9  ±0.3  kcal/mole  (NBS  Circular  500) 

B203(c)  = -305.34  ±0.3  kcal/mole  (NBS  Report  7093) 

Heats  of  solution  In  IN  HC-l  are  reported  by  D.  R.  Torgeson  and 
C.  H.  Shomate  (J.  Am.  Chem.  Soc.  2103  (1947)  )c 


Ca0*B203  [Ca(B02)2l 

m:  = -29.42  ±0.05  kcal/mole 
= -486.7  ±0.5  kcal/mole 

Ca0*2B203  [CaB^O^] 

m:  = -42.93  ±0c05  kcal/mole 
= -805.5  ±0.7  kcal/mole 


from  oxides 
from  elements 


from  oxides 
from  elements 


2Ca0*B203 

AHf  = -45.76  ±0.05  kcal/mole 
= -654.9  ±0.7  kcal/mole 


from  oxides 
from  elements 


High  temperature  heat  contents  - King,  Torgeson,  and  Cook  (Jc  Am. 
Chem.  Soc.  70,  2l60  ^948)). 

Ca0*2B203  (gls)  Data  of  King,  Torgeson,  and  Cook. 

Z\Hf  = -30.29  ±0.05  kca]/mole  from  oxides 

= -792.9  ±0.7  kcal/mole  from  elements 


N.  S.  Kurnakov,  A.  V.  Nikolaev,  and  Ac  G.  Chellshcheva,  Compt.  rend, 
acad.  sclc  TJcRiS.S.  I6,  92  (l937)  report  the  heat  of  solution  of  dehydrated 
Inyolte,  Ca2B50]_]_  (2Ca0«3B203)  In  H2S0^. 

ZiHf  2Ca0.3B203  = -58.2  ±1,0  kcal/mole  from  oxides 

= -1278.  ±4.  kcal/mole  from  elements 


A second  sanple,  fired  at  high  temperature,  gave 

AHf  = -118.2  ±1.0  kcal/mole  from  oxides 

= -1338.  ±4o  kcal/mole  from  elements 


Interpolation  In  the  data  of  Torgeson  and  Shomate  gives 


AHf  = -73.0  ±1.2  kcal/mole 
= -I292.8  ±1,9  kcal/mole 


from  oxides 
from  elements 
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Kelley,  Todd,  and  Shomate  (J.  Am.  Chem.  Soc.  70,  1350  (1948))  give 
entropies  from  lov-temperature  heat  capacity  data: 

Ca0*B203  25.1  ±0.5  cal/deg  mole 

Ca0»2B20^  32.2  ±0.5  cal/deg  mole 

2Ca0*B202  34.7  ±0.5  cal/deg  mole 

3Ca0*B20^  43.9  ±0.5  cal/deg  mole 

2Ca0»3B20^  48.9  ±1.0  cal/deg  mole  (estimated) 


FbO  - 820-;^  system 

AHf  PbO(c)  = -45.1  ±0.3  kcal/mole  (NBS  Circular  500) 

AHf  8203(c)  = -305.34  ±0.3  kcalAole  (BBS  Report  7093) 

L.  Shartsls  and  E.  Newman  (J.  Research  NBS  4Q>  471  (1948))  (also 
J.  Am.  Ceram.  Soc.  21)  213  (1948))  measured  heats  of  solution  of  glasses 
in  2N  HNO3. 


According  to  the  phase  studies  of  C.  Mazzetti  and  F.  De  Carli  (Oazz. 
chim.  italo  19  (1926))  the  compounds  formed  are  Pb0*B203,  Pb0*2B203, 
Pb0.3B203,  and  2PbO *58203. 

Pb0*B203  (gls)  [88(802)2] 

Z!^f  = -9.2  ±0.5  kcal/mole  from  oxides 

= -359.6  ±0.7  kcal/mole  from  elements 


Assuming  AHm  = 7.0  kcal/mole,  these  become  for  880*8203 


Z\Hf  = -16.2  ±1.3  kcal/mole  from 

= -366.6  ±1.4  kcal/mole  from 

880*28203  (gls)  [PbB^Or^] 

AHf  = -11.9  ±0.7  kcal/mole  from 

= -667.7  ±1.0  kcal/mole  from 

880*28203  (c),  estimating  the  heat  of  fusion 

Z\Hf  = -23.3  ±1.3  kcal/mole  from 

= -689.1  ±1.5  kcal/mole  from 

880*38203  (gls) 

/IBf  = -24.5  ±1.0  kcal/mole  from 

= -961.1  ±1.4  kcal/mole  from 

880*38263(0),  estimating  the  heat  of  fusion, 

Atif  = -40.5  ±1.5  kcal/mole  from 

= -977.  ±2.  kcal/mole  from 


(c) 

oxides 

elements 


oxides 

elements 


oxides 

elements 


oxides 

elements 


oxides 

elements 


2880*58263  (gls) 

Z^f  = -45.2  ±1.8  kcal/mole 
= -1662.1  ±2.3  kcal/mole 


from  oxides 
from  elements 
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from  oxides 
from  elements 


2Pb0*5B20^(c) , estimating  the  heat  of  fusion, 

Atif  = -72.  ±3»  kcal/mole 
= -1689.  ±3o5  kcal/mole 

The  values  for  the  glasses  should  be  rather  good;  those  for  the 
crystalline  oxides  include  an  estimated  - very  roughly  - heat  of  fusion, 
which  may  be  several  kcal/mole  in  error. 

Lepinsklkh  and  Esin  (Zhur.  Neorg.  Khim.  6,  1223  (l96l))  have  studied 
the  systems  Pb0-B20^  and  MnO-B203  at  1000°  with  cells  of  the  type 
Pb(liq)|  PbO,  B20^\  Pt|  02(g).  Their  results  for  the  Pb0-B203  system 
are  in  fair  agreement  with  the  results  of  Shartsis  and  Newman. 
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CHAPTER  7 


HEATB  OF  FORMATION  OF  BINARY  MIXED- OKIDE  SYSTEiyB  OTHER  THAN  BORATES 
by  R.  F.  Walker,  E.  S.  Newman,  and  T«  B,  Douglas 

1.  Introduction 

A more  thorough  search  of  the  literature  has  been  undertaken  to  survey  data 
on  the  heats  of  mixing  of  binary  systems  of  oxides  or  to  find  thermodynamic  data 
from  which  the  heats  may  be  computed.  Studies  of  compound  formation  in  binary 
systems  of  the  oxides  of  Li,  Be,  Mg,  Al,  Ti  and  Zr  were  surveyed  and  available 
phase  diagrams  were  presented  in  the  last  report  (NBS  No.  7093).  Many  compounds 
are  identified  on  the  diagrams  for  which  no  thermodynamic  data  is  available. 
Furthermore,  it  is  probable  that  the  existence  of  many  new  compounds  will  be  es- 
tablished during  future  phase  equilibrium  studies.  In  general  it  can  be  said 
that  data  on  heats  of  formation  of  the  compounds  are  scarce  and  even  then  not 
of  high  accuracy.  In  order  to  provide  additional  backgroinad  in  the  evaluation 
of  the  heats  of  mixing,  data  on  binary  systems  containing  BaO,  CaO  and  NapO  have 
also  been  noted.  Furthermore,  the  current  interest  of  Si  to  the  program  has  also 
led  to  the  inclusion  of  data  on  binary  systems  with  SlOp. 

A prime  reason  for  the  lack  of  data  has  probably  been  lack  of  motivation. 
However,  there  are  two  major  obstacles  to  ready  experimental  measurement;  First, 
the  preparation  of  pure,  stoichiometric  samples  in  sufficient  quantity  to  make 
measurements  worthwhile  may  often  be  the  most  difficult  part  of  an  investigation. 
Secondly,  the  heat  of  mixing  of  few  oxides  can  be  measured  directly;  hence, 
another  reaction  which  the  reactant  and  compound  oxides  will  undergo  must  be  found. 
The  difference  between  the  heats  of  reaction  of  the  compound  and  of  the  reactants 
is  then  the  required  heat  of  formation  of  the  compound  from  the  oxides.  If  the 
difference  is  small,  high  precision  in  the  individual  measurements  is  necessary 
to  obtain  meaningful  data.  A brief  discussion  of  calorimetric  methods  of  meas- 
urdng  the  heats  is  given  later. 

In  principle,  the  phase  diagrams  can  be  used  to  determine  heats  of  mixing. 
However,  the  data  and  phase  boundaries  given  on  most  high- temperature  diagrams 
are  not  usually  known  with  sufficient  accuracy  to  yield  reliable  heats. 

2.  Heats  of  Formation  of  Binary  Oxides 

Available  data  on  the  heats  of  formation  of  the  mixed  oxide  systems  (A1,  Be, 
Ca,  Mg,  Na,  Si,  Tl  and  Zr)  are  summarized  in  Table  I.  In  the  literature  search. 
Metallurgical  Thermo chemistpry  by  Kubaschewski  and  Evans  [l]  was  taken  as  the  point 
of  departure.  Data  given  in  the  compilations  of  that  volume  were  checked  with 
original  literature.  The  references  to  this  and  other  literature  are  summa^ 
rlzed  in  Table  I.  The  following  discussion  amplifies  some  of  the  background  to 
the  selection  of  the  values  given  in  Table  I. 
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TABLE  I 

HEATS  OF  FORMATION  OF  SOME  MIXED  OXIDES 


-AH  Heat 

of  Formation  (kcals/mole) 

Compound 

From 

Oxides  ** 

From  Elements 

A1^0^*BaO 

24.0 

± 1.5 

[14] 

557.8 

A1^0^-3BaO 

£L  J 

45.0 

± 2.0 

[14] 

845.6 

Al^O^-BeO 

d j 

4.0 

(See  text) 

5^7.5 

Al_0^*Ca0 

d J 

5.7 

± 0.4 

[15] 

556.0 

A1^0^*3Ca0 
d ^ 

I06 

± 0.4 

[15] 

857.7 

12.9 

± 1.5 

[12] 

284.5 

Al^O^.MgO 

Close  to  zero 

[2,  16] 

^ 5^ 

l/2[Al20^*Na20] 

20.9 

±1.2 

[12] 

270.8 

Al^O^-SiO^: 

23  2 

Andalusite 

39.3 

0 

• 

+1 

[11] 

645.1 

Kyanite 

59.7 

± 7.0 

[11] 

645.5 

Sillimanite 

0 

• 

+1 

[11] 

651.7 

Al^O^-ZrO^ 

Close  to  zero 

(See  text) 

659 

2Be0*Si02 

12.0 

± 5.0 

[1] 

505.6 

CaO-SiO^ 

21.5 

± 0.3 

[11] 

578.8 

2Ca0*Si02 

30.2 

± 1.5 

[1] 

559.^ 

3CaO*  SiO^ 

27.0 

± 1.5 

[1] 

688.1 

CaO.TiO^ 

19.4 

596.8 

Li^O-SiOg 

24.6 

±>10 

[LL] 

372.4 

21^0-  SiO^ 

15.1 

± 1.0 

[u] 

507.9 

MgO-SiOg 

8.7 

±0.7 

[11] 

557.8 

2Jfe0‘Ti02 

4.2 

517.1 

MgC^TiOg 

6.4 

375.6 

MgO*  2TLO2 

599.2 

Na^O*  2Si02 

60.5 

± 3.5 

[13] 

570.7 

Na^O-SiO^ 

55.5 

± 3.5 

[11] 

560.3 

3Na20-2Si02 

136.5 

± 7.0 

[13] 

845.5 

2Na20-SiO2 

7^.9 

± 7.0 

[1] 

479.1 

* Heats  of  formation  of  the  many  oxide  systems  vere  taken 

from  KBS  Report  6928  (July  1^  I960)  and  KBS  Circular  500» 

**  Numbers  in  brackets  refer  to  literature  references. 


AlgO^»MgO 

Altman  and  Searcy  [2]  have  recently  reported  measurements  of  the  vapor 
pressure  of  I/feO  vaporlzii^  from  Al^O^  Khudsen  cells.  During  the  experiments 
the  Al^O^  and  MgO  reacted  to  form  the  spinel  MgOAl^O  , The  weight  loss  from 
the  cell  during  the  runs  yielding  nearly  stoichiometric  spinel  suggested  that 
Its  heat  of  formation  Is  close  to  zero. 


A recent  value  of  the  heat  of  formation  obtained  by  Grjothelm^  Hers tad 
and  Togurl  [l6]  from  a study  of  the  reaction: 

k-  IfeO(c)  + 2 Al(l)  = IfeAl20|^(c)  + 3 ffe(g) 


Is  In  good  agreement  with  Altman  and  Searcy’s  result.  Grjothelm  et  al*  s value 
of  +1.1  kcals/mole  Is  subject  to  accumulated  experiment  errors  In  the  heats  of 
formation  of  reactants  and  products^  and  the  removal  of  these  errors  could 

easily  result  In  a small  negative  value  for  the  heat  of  formation  of  MgOAl^O^. 

2 5 


Al^O^-ZrO^  System 

The  rates  of  vaporization  of  AlgO^  9^*3.  -ZvO^  mixtures  have  been  crudely 

Investigated  at  MBS  In  recent  months.  Much  additional  work  Is  necessary  before 
definitive  conclusions  can  be  drawn.  An  x-ray  examination  of  mixtures  fused  In 
vacuo  with  an  arc  Image  furnace  yielded  no  evidence  of  new  compound  formation 
beyond  a small  quantity  of  stabilized,  cubic  Zr02.  Corund-um  and  the  monocllnlc 
form  of  ZrO^  formed  the  bulk  of  the  fused  mixture. 


The  previously  published  phase  diagrams  on  ternary  systems  containing 
AlgO,  and  ZrO^  were  summarized  in  the  last  report  (HBS  No.  7093) • The  diagrams 
show^no  evidence  of  compound  formation  between  the  oxides.  The  liquid  curve  of 
the  binary  system  was  reported  by  von  Wartenberg  and  Reusch  [5]  and  shows  a 
single  minimum,  suggesting  lack  of  congruent- melting  compounds.  The  reliability 
of  the  curve  may  be  questionable,  but  the  consensus  of  available  evidence  is  that 
there  Is  no  stable  compound  formation  in  the  AlgO^-ZrO^  system. 

The  question  may  be  posed  as  to  how  much  the  total  heat  of  combustion  of 
given  amounts  of  Al  and  Zr  depends  on  whether  the  metals  are  burned  separately 
or  together.  Numerous  Intermetalllc  compounds  of  the  two  metals  are  known,  and 
If  the  metals  are  present  in  such  a form,  the  heat  of  formation  of  the  inter- 
metallic  compo\ind  would  make  a direct  additive  contribution.  For  the  sake  of 
simplicity,  it  will  be  assumed  that  the  Al  and  Zr  are  present  as  a mere  mixture 
of  the  two  elemental  phases.  The  heat  of  formation  of  the  product  compared  with 
the  sum  of  the  heats  for  the 'separate  oxides  Is  then  the  remaining  consideration. 

The  above  evidence  of  no  stable  compotmd  between  ^12^3  ^rO^  does  not 
preclude  the  possibility  that  the  two  oxides  may  be  formed  together  under  such 
rapid  conditions  that  metastable  compounds  or  solid  solutions  may  form  and  be 
"frozen"  into  pemanence.  Two  theoretical  factors  enter  here:  (a)  the  crystal 
radil^of  Al'  ' ' and  Zr'**+'*^  differ  substantially  (Pauling  [4]  gives  O.5O  and 
0.80  A respectively),  a fact  which  would  lead  to  considerable  strain  energy  and 
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a corresponding  lower  heat  of  combustion,  and  (b)  the  difference  in  valence 
would  lead  to  a considerable  concentration  of  lattice  vacancies,  -which  ener- 
getically are  equivalent  to  lattice  strains.  At  a given  temperature  the  equi- 
librium concentrations  of  such  vacancies  and  "foreign"  ions  varies  more  or  less 
exponentially  -with  the  added  energy,  so  that  the  gross  enhancement  of  energy 
would  decrease  rapidly  with  increase  in  strain  energy  per  foreign  ion  or  vacancy; 
and,  at  least  qualitatively,  one  would  expect  a similar  rough  parallel  for  given 
non- equilibrium  conditions.  There  are  methods,  at  least  in  principle,  for  calcu- 
lating such  lattice  strains.  However,  the  kinetics  of  the  problem  are  probably 
of  equal  importance,  and  suggest  that  empirical  tests  may,  after  all,  be  the 
simplest  and  most  reliable  way  to  settle  the  question. 

Al^O-  and  ZrO^  both  form  several  phases  which  have  appreciably  different 
energies, ^and  there  is  at  least  some  evidence  to  show  that  simultaneous  crys- 
tallization of  the  oxides  can  result  in  a different  proportion  of  these  forms 
than  when  they  crystallize  separately.  Furthermore  it  is  possible  "that  different 
crystal  sizes  may  res-ult  from  simultaneous  quenching  of  the  oxides.  Liquid 
eutectic  compositions  often  crystallize  in  finely- divided  form,  and  their  surface 
energies  could  conceivably  be  different. 


No  Information  is  at  hand  as  to  whether  studies  of  the  surface  energies  of 
A1  0^,  ZrOp,  or  comparable  substances  have  been  made.  Considerable  experimental 
ana  theoretical  work  is  available  for  the  alkali  halides,  however,  and  a ro-ugh 
analogy  may  be  useful.  It  is  worth  observing  that  the  experimentally  determined 
surface  tensions  (and  hence,  surface  energies)  of  liquid  salts  are  in  comparative 
agreement  -with  the  theoretical  values. 


Numerous  investigators  have  calculated  the  surface  energies  of  crystalline 
alkali  halides,  with  and  -without  various  refinements.  Benson,  Balk  and  White  [5]; 
and  Benson,  Dempsey,  and  Balk  [6]  have  given  more  refined  calculations  for  all 
the  alkali  halides,  including  the  effects  of  van  der  Waals  attraction,  polariza- 
tion, and  shifts  in  position  of  the  surface  ions.  For  NaCl,  e.g.,  they  calculate 
surface  energies  of  124  and  5OT  ergs/cm^  for  the  100  and  3J.0  planes,  respectively; 
and  they  find  that  these  values  agree  with  the  experimental  ones  if  it  be  ass-umed 
that  the  experiments  were  conducted  on  fine  crystals  -with  75?^  of  the  faces  as  110 
and  25^  as  100  — obviously  not  an  equilibrium  state. 


We  may  try  to  apply  these  results  to  and  ZrO^  in  a very  rough  way,  and 

examine  the  res-ult.  Let  us  assume  for  simplicity  that  these  two  oxides  are  formed 
as  uniform  cubes  each  x microns  on  an  edge.  Hie  application  of  a simple  Born 
treatment  is  known  to  give  a surprisingly  good  lattice  energy  for  Al^O^,  and  it  may 
be  ass-umed  that  the  effective  valence  product  for  the  two  oxides  is  se-veral  times 
as  great  as  for  the  (univalent)  alkali  halides.  The  molal  volumes  of  ZrO^ 

average  about  25  cm^/mole.  If  we  assume  a surface  energy  of  2000  ergs/cm^,  we 
then  get  a surface  of  1.5(l0°)/x  cm^  per  mole  and  a surface  energy  of  0.08/x 
kcal./mole.  The  heats  of  formation  of  ^12*^5  ZrO^  average  551  kcal/mole,  and 
if  we  ass-ume  a particle  size  x of  0.1  micron  (equivalent  to  several  h-undred  atoms 
per  edge),  this  calculation  gives  a surface- energy  contribution  of  0.8  kcal/mole. 
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or  only  about  0.2^  of  the  total  heat  of  combustion.  Unless  the  particles  are 
considerably  smaller  than  0.1  micron,  it  thus  seems  unlikely  that  the  surface 
energy  makes  a contribution  to  the  heat  of  combustion  of  much  practical  impor- 
tance. 

It  is  presently  believed  that  the  system  AIF  -ZrF<  forms  no  solid  compounds. 
If  this  is  true,  similar  conclusions  may  be  dravn^about  the  combustion  of  Al-Zr 
mixtures  in  fluorine. 

In  conclusion,  the  available  evidence  indicates  that  in  the  combustion  of 
Al-Zr  mixtures  (to  form  oxides  or  fluorides)  the  heat  produced  is  not  likely  to 
be  much  different  from  the  additively  calculated  equilibrium  values  for  the 
separate  systems,  being  more  likely  to  be  less  than  greater. 


AlgO^-BeO  System 


Young  [7l  studied  by  transpiration  experiments  vhat  seem  to  be  the  following 
three  reactions,  obtaining  for/^H^^g^  the  following  respective  values. 
(Tolerances  stated  refer  to  precision  only.) 


(1)  BeO(c)  + H20(g)  = Be(oe)2(g) 

(2)  (5/2)  Be0-Al20^(c)  + H20(g)  = (l/2)  BeO5Al20^(c)  + Be(0S)2(g) 

(3)  BeO5Al20^(c)  + S20(g)  = 3Al20^(c)  + Be(0H)2(g) 


(kcal) 

k2.^  ± 0.i<- 
^4-9. 4 ±0.6 
43.2  ± 0.8 


Linear  combination  of  these  results  gives 

(4)  BeO(c)  + = BeO*Al20^(c) 

(5)  Be0(c)  + 3Al20^(c)  = Be0*5Al20^(c) 


(kcal) 

-4.8  ± 0.6 
-0.7  ± 0.9 


The  data  yield  also,  for  AF°^^,  -5*2  ± 1.1  kcal.  for  reaction  (4)  and  -3*7  - !•  7 
kcal.  for  reaction  (5).  There  are  insufficient  data  on  the  heat  capacities  of 
these  mixed  oxides  for  correction  of  these  heats  of  reaction  to  298°K.  According 
to  early  data  of  Nilson  and  Pettersson  [8]  on  the  heat  capacity  of  BeO*Al20,(c), 
for  reaction  (4)  A C = -1.2  between  273“  aJid  373“K;  if  half  this  value  were  assumed 
for  the  Interval  from  298“  to  16T3°K  one  would  obtain AH^o  = -4.0  kcal.  for 
reaction  (4).  ^ 


As  Young  implies,  his  assumption  that  reactions  (2)  and  (5)  represent  his 
experiments,  and  under  equilibrium  conditions,  is  subject  to  some  uncertainty, 
particularly  since  each  equilibrium  involved  two  solid  phases.  However,  consider- 
ing his  qualitative  x-ray  evidence  and  the  fact  that  this  part  of  the  BeO-Al^O^ 
phase  diagram  has  been  well  investigated  [9,  10],  it  seems  likely  that  these 
were  the  principal  reactions  occurring  in  Young’s  experiments.  Unless  future 
solution  calorimetry  or  other  relatively  straightfoirward  techniques  reveal  sub- 
stantially different  heats  of  formation  of  these  mixed  oxides,  it  must  be  con- 
cluded on  experimental  gro-unds  that  the  heat  of  combustion  of  mixtures  of  beryllium 
and  al-uminum  metals  in  oxygen  is  not  increased  more  than  about  one  percent  through 
formation  of  these  "mixed"  oxides. 
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Al_0^-S10_  System 


The  three  crystalline  forms  of  alumlntim  monosilicate  are  naturally- 
occurring  minerals^  which  are  "believed  to  "be  formed  only  under  high  pressure. 

In  addition,,  there  is  some  evidence  to  siiggest  that  impurities  may  act  as 
"mineralizers, " speeding  up,  if  not  being  essential  to,  the  fomnation  of  phases. 
In  the  la"boratory  the  minerals  can  "be  synthesized  in  the  700~900*C  temperature 
range  and  under  pressures  of  10,000-20,000  atmos.  The  formation  of  andalusite 
and  silllmanlte  in  particular  appears  to  "be  controlled  hy  chemical  factors. 
According  to  evidence  at  hand,  andalusite  has  not  been  formed  in  the  absence 
of  sodium,  although  one  might  suspect  that  lithium  would  be  an  alternative; 
sl3J.lmanite  has  not  been  formed  in  the  absence  of  fluorine,  and  forms  a complete 
series  of  solid  solutions  with  topaz,  Al^iC\(  F,  CE)^.  Kyanite  is  the  only  phase 
relatively  insensitive  to  the  composition  of  the  reaction  mixture. 

The  only  aluminum  silicate  formed  at  atmospheric  pressure  is  mullite, 

JAlgO,!  2S102,  for  -which  no  heat  of  formation  has  yet  been  located.  Another 
silicate,  Al^O^OSiO^,  forms  at  900®C  under  40,000  atm.  pressure. 

Al^O^-Ii^O  and  Li^O-SlO^  Systems 


Recent  data  on  these  systems  have  been  published  by  Fedorov  and  Shamrai  [I7]. 
This  paper  has  been  seen  in  abstract  form  only,  and  the  abstract  contains  some 
ambiguity  of  notation.  It  appears  that  a heat  of  formation  of  26  hcals/mole  was 
determined  for  either  Ll^O’SiO^,  21^^0*3102  or  For  lithi-um  mono- 

alumlnate  (presumably  Al20^*Ll20),  a heat  of  27  kcals/mole  is  given.  This  value 
compares  favorably  with  the  value  given  in  Table  I,  but  may  not  refer  to  298®K. 
Examination  of  the  act-ual  paper  is  necessary  to  resolve  these  -uncertainties, 
and  the  data  have  not,  therefore,  been  included  in  Table  I. 

5o  Possible  Measuring  Techniques  for  Determining  Additional  Heats  of  Formation 

The  literature  has  been  surveyed  to  determine  what  calorimetric  techniques 
have  been  used  in  recent  years  to  determine  heats  of  formation  and  to  evaluate 
prospects  for  applying  the  techniques  to  the  mixed  oxides  discussed  in  this 
chapter. 

Probably,  the  most  common  calorimetric  reaction  studied  is  that  of  combus- 
tion. In  many  cases,  the  heat  of  the  reaction  of  metals  with  oxygen,  or  other 
substances,  can  be  determined  directly,  and  this  process  has  been  studied  in 
the  calorimeter  Over  many  years.  A great  deal  of  the  data  on  the  heats  of  for- 
mation of  the  oxides  of  metals  has  been  determined  in  this  manner,  many  refer- 
ences and  much  expert  knowledge  is  available,  and  no  further  attention  -will  be 
given  to  heats  of  combustion  in  the  present  discussion. 

A second  very  common  calorimetric  reaction  is  that  of  solution  in  water  or 
in  aqueous  or  o-t±ier  solutions,  and  it  is  to  this  reaction  that  attention  is 
mainly  directed.  Some  refractory  oxides,  similar  to  those  of  concern  to  this 
program,  are  soluble  directly  in  acids  or  acid  mixtures,  or  their  heats  of 


87 


solution  In  acid  can  t>e  calciilated  fairly  directly  from  the  heats  of  solution 
of  the  metals  themselves  and  their  heats  of  comhustion.  In  this  manner  the 
heats  of  formation  of  calcium  [l8]^  "barium  [l4]^  and  strontium  aluminates  have 
"been  determined  hy  measurement  of  their  heats  of  solution  in  hydrochloric  acid 
solutions  at  room  temperature^  although  AlgO^  lias  not  "been  dissolved  directly. 

In  mixtures  of  nitric  or  hydrochloric  acid  with  hydrofluoric  acid^  the 
heats  of  solution  of  hydrated  and  unhydrated  calcium  silicates  [19^  20]^  as 
well  as  more  complex  materials  [21^  22]  have  heen  determined  at  room  tempera- 
ture. Although  the  silicates  are  in  many  cases  thus  soluble,  silica  itself 
is  more  difficult  to  dissolve.  To  deal  with  SiO^,  as  well  as  minerals  such 
as  albite,  NaAlSi  On,  nepheline,  NaAlSiO^^,  and  jadeite,  NaAl(SiO^)2  [23]  and 
others  l2h,  25 ]»  calorimeters  using  EF  solutions  have  been  built^to  operate  at 
temperatures  in  the  neighborhood  of  75“  C.  At  least  one  operating  at  room  tem- 
perature, the  rocking-homb  calorimeter  [26],  has  heen  huilt,  and  this,  it  seems 
prohahle,  could  he  used  with  aqueous  solutions  at  still  higher  temperatures. 

The  oxides  with  which  this  project  is  most  immediately  concerned  are 
BeO,  ■^2^3^  ^^2-’  SiO^,  Of  these,  BeO  and  -Al^O^  are  listed 

[27]  as  the  least  soluble  in  acid.  It  appears  that  with  the  others,  choices  of 
acids  or  acid  mixtures  and  temperature  of  operation  would  permit  calorimetric 
determinations.  Certainly  some  of  the  horates  should  he  amenable  to  calorimetric 
determination  of  their  heats  of  solution. 

A great  deal  of  work  has  heen  done  with  heat- of- solution  calorimeters  at 
elevated  temperatures,  using  molten  metal  as  a solvent,  for  example,  molten 
tin  [28,  29^  30,  51  aJid  52],  and  molten  silver  [35 ]•  Temperatures  as  high  as 
1100®C  have  been  reached  [55l^  althoTigh  temperatures  of  3OO  to  500“C  are  more 
commonly  indicated.  Molten  metals  are  unsuited  as  solvents  for  the  oxide  com- 
pounds with  which  this  project  is  concerned,  hut  a few  similar  measurements 
have  heen  made  using  molten  salts  [3^  55] • It  has  heen  found  that  "ih  many 
instances  fused  salt  mixtures  are  close  to  ideal  solutions"  [56].  It  would 
seem  that  further  work  with  molten  salts  might  well  make  possible  measurements 
of  heats  of  reaction  of  substances  impossible  to  dissolve  calorimetrically  in 
aqueous  solutions.  Beryllium  oxide,  for  example,  is  said  to  he  soluble  in 
fused  KCE  [27]. 

Ginnings  [37]  t.as  suggested  the  possibility  of  raising  the  temperature  of 
a reaction  mixture  hy  electrical  heating  ■until  a desired  reaction  occurs,  carry- 
ing out  the  reaction  in  an  isolated  capsule  in  a calorimeter,  and  correcting  for 
the  electrical  energy.  Such  measurements  have  indeed  heen  made  using  a bomb 
caJ-orimeter  and  heating  the  reaction  mixture  in  its  crucible  [38].  The  precision 
of  the  calorimetry  and  the  definition  of  the  final  products  would  probably  be 
much  poorer  both  for  this  type  of  measurement  as  well  as  for  measurements  made 
•with  molten  salts  'tiian  for  modem  combustion  or  heat-of- solution  calorimetry, 
Ptecisions  of  0.2  to  1. 5 per  cent  have  been  given  for  molten- tin  calorimetry. 
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CHAPTER  8 


THE  HEATS  OF  FORMATION  OF  INORGANIC  FLUORINE  COMPOUNDS  — A SURVEY 
by  George  T.  Armstrong  and  Leslie  A.  Krieger 
Abstract 

This  paper  examines  the  current  state  of  measurements  leading  to 
heats  of  formation  of  the  inorganic  fluorine  compounds,  and  carbon 
compounds  of  one  carbon  atom  per  molecule.  It  is  based  upon  a survey 
of  the  literature  from  1949  to  mid- 1961.  A bibliography  of  625 
references  is  given.  Reported  values  of  AHf°gg,  cited  from  the  liter- 
ature, are  listed  for  Individual  compounds  in  eight  tables.  Related 
thermodynamic  measurements  are  also  listed.  No  attempt  is  made  to 
indicate  the  best  values  to  be  assigned  when  conflicting  data  exist. 

As  a group  the  binary  fluorine  compounds  have  been  the  most  thoroughly 
studied.  The  availability  of  the  thermodynamic  Information  decreases 
rapidly  as  the  complexity  of  the  compounds  increases.  Recent  develop- 
ments in  certain  phases  of  the  calorimetry  of  fluorine  compounds  are 
discussed. 
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1 . Introduction. 


This  paper  presents  in  brief  review  and  summary  form  the  results  of 
a survey  of  the  recent  literature  on  the  thermochemical  properties  of 
inorganic  fluorine  compounds.  The  purpose  of  the  paper  is  to  indicate 
the  present  status  of  the  heats  of  formation  of  this  group  of  compounds 
without  attempting  an  exhaustive  critical  evaluation  of  the  data. 

The  fluorine  compounds  form  a group  of  special  interest  from  a 
scientific  point  of  view  because  of  the  extreme  position  of  fluorine  in 
the  periodic  table.  For  many  years  it  received  less  study  than  this 
extreme  position  warrants,  probably  for  two  reasons:  the  low  abundance 

of  fluorine  relative  to  neighboring  elements  in  the  periodic  table,  and 
the  extreme  reactivity  of  the  element,  which  has  hindered  work  with  it. 

In  recent  years  this  situation  has  changed  and  a large  volume  of  research 
has  been  carried  out,  leading  to  a rapid  growth  of  the  literature  of  the 
fluorine  compounds  and  the  publication  of  several  general  review  works 
[1,2,3,4,5,6,7,81. 

2.  Scope  and  Completeness  of  Siirvev. 

A large  amount  of  effort  has  been  expended  by  others  in  searching 
and  evaluating  the  literature  relating  to  the  heats  of  formation  of 
fluorine  compounds.  In  carrying  out  the  literature  search  in  the 
present  survey,  advantage  was  taken  of  the  results  of  prior  work  whenever 
possible.  The  National  Bureau  of  Standards  Circular  500  [9]  was  used 
as  a starting  point.  This  critical  evaluation  was  considered  to  be 
complete  through  the  1949  Chemical  Abstracts  and  further  search  of  the 
literature  covered  in  [9]  was  thought  to  be  unnecessary.  For  the  period 
following  1949,  the  Chemical  Abstracts  was  the  primary  source  searched. 
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For  aqueous  species  we  have  not  attempted  to  duplicate  in  our 
references  the  survey  on  stability  constants  of  metal  ion  complexes 
and  solubility  products  of  inorganic  substances,  by  Bjerrum,  Schwarzenbach, 
and  Sillen  [l6] . Many  thermodynamic  studies  related  to  heats  of  formation 
of  aqueous  complex  ions  are  listed  there.  When  reference  to  a source  of 
work  on  an  aqueous  species  is  made  by  Bjerrum,  et  al.  [l6],  in  general 
we  refer  to  [l6]  rather  than  to  the  original  source.  Material  not  found 
in  Bjerrum  for  these  species  is  listed  in  the  usual  manner. 

A complete  search  of  the  literature  pertaining  to  such  a large  group 
of  compounds,  and  covering  all  modes  of  information  of  potential  value 
to  th"©  calculation  of  heats  of  formation,  is  a complex,  painstaking  task. 

A considerable  amount  of  ingenuity  is  required  to  ferret  out  sources  of 
information.  In  some  instances,  a source  may  contain  the  only  applicable 
information  available  on  a particular  compound,  but  because  the  article 
is  principally  about  a subject  other  than  thermochemistry,  the  information 
may  not  be  revealed  in  the  abstract.  A search  of  Chemical  Abstracts, 
therefore,  can  hardly  be  expected  to  be  complete  in  itself. 

For  this  reason  use  was  also  made  of  other  reviews  in  order  to 
complete  the  search.  The  principal  published  reviews  searched  are 
listed  as  references  [10,11,12,13,14,15,16,17].  Of  these,  several  may 
be  commented  on.  In  two  lengthy  reviews  Brewer,  Bromley,  Gilles  and 
Lofgren  [l2]  and  Brewer  [l3]  gave  the  heats  of  formation,  fusion,  and 
vaporization  and  other  thermodynamic  properties  of  most  of  the  binary 
fluorides  for  which  data  were  available.  They  also  estimated  values 
for  many  compounds  for  which  measurements  had  not  been  made.  They 
discussed  briefly  the  sources  of  the  selected  values.  Their  references 
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were  essentially  completed  in  1946,  though  reference  was  made  to  some 
additional  work  published  through  1948.  For  many  values  of  heats  of 
formation  they  depended  heavily  upon  Bichowsky  and  Rossini  [lO] . 

Herzberg  [ll]  and  Gaydon  [l4]  are  standard  references  for  the 
dissociation  energies  of  diatomic  molecules.  Additional  information 
on  dissociation  energies  might  have  been  found  in  Cottrell  [l8]  which, 
however,  was  not  specifically  searched.  Kubaschewski  and  Evans  [l5]  list 
many  heats  of  formation,  principally  of  materials  of  interest  to  metal- 
lurgists. Bjerrum  [l6]  has  compiled  stability  constants  for  complex 
ions  in  aqueous  solutions,  summarizing  a good  deal  of  literature  which 
should  be  applicable  to  the  calculation  of  enthalpies  and  free  energies 
of  formation  of  aqueous  ions.  Fluoride  ion,  forming  many  strongly  bonded 
complex  ions,  is  well  represented.  The  second  edition  of  Lewis  and 
Randall’s  Thermodynamics , revised  by  Pitzer  and  Brewer,  [17]  contains 
extensive  tables  of  thermodynamic  properties  Including  heats  of  formation. 
Of  these  the  values  for  the  gaseous  alkali  halides,  based  on  a recent 
survey  by  Brewer  and  Brackett  [l9],  are  new. 

Glassner,  in  an  informal  publication  [20],  tabulates  the  heats 
of  formation  of  a great  many  binary  fluorides,  including  estimates  for 
many  compounds  for  which  experimental  values  are  lacking.  Aside  from 
the  estimates  he  depends  upon  Brewer,  et  al.  [l2],  Kubaschewsky  and 
Evans  [l5]  or  NBS  Circular  500  [9],  and  lists  data  from  other  sources 
only  for  the  fluorides  of  polonium  and  the  actinide  elements. 
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The  Annual  Reviews  of  Physical  Chemistry  have  provided  a review 
chapter  on  thermodynamics  and  thermochemistry  each  year  since  1950. 

These  chapters  have  become  more  complete  and  more  uniform  in  coverage 
so  that  they  formed  a useful  source  for  checking  the  completeness  of 
our  search.  In  addition,  chapters  on  heterogeneous  equilibrium  and 
phase  diagrams,  high  temperature  chemistry,  and  bond  energies  supplied 
useful  information.  Volumes  1-11  were  examined.  The  Bulletin  of 
Chemical  Thermodynamics  (1958-1961)  has  provided  a guide  to  very  recent 
work.  The  "Table  of  Contents"  of  several  journals  and  the  serial 
publication  Current  Chemical  Papers  have  been  examined  for  new  work 
each  month  for  about  three  years. 

Advantage  was  also  taken  of  the  current  active  interest  in  twenty 
or  thirty  elements,  particularly  of  the  low  atomic  weights,  as  potential 
ingredients  of  rocket  fuels  or  oxidizers . This  interest  has  led  to 
surveys  of  thermo chemical  properties,  with  emphases  on  compounds  which 
could  occur  as  ingredients,  products  or  intermediate  species.  Such 
surveys  by  Slnke  [21],  Gordon  [22],  Mickle  [23],  Hildenbrand  [24]  and 
Gordon  [25]  have  appeared  as  listed  reports.  Others  [26,27,28,29,30,31,32] 
have  come  in  the  form  of  informal  communications  to  the  authors.  Still 
others  [33,34,35,36,37]  represent  unpublished  communications  by 
the  authors.  These  surveys  differ  widely  in  the  extent  to  which  they 
resort  to  the  original  literature  or  to  prior  surveys,  and  also  in  the 
extent  to  which  they  attempt  to  justify  the  values  they  list.  The  values 
presented  Include  estimates  of  the  properties  of  some  species  considered 
to  be  possible,  but  for  which  no  experimental  data  exist..  Fluorine  is 
a prominent  element  in  most  of  these  surveys,  and  so  these  have  been 
scanned  for  information  suitable  for  this  paper. 
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The  search  of  ChsTni  cal  Abstracts  Included  a page-by-page  scanning 


of  unlndexed  issues,  sections  1,2, 3, 6, 9 and  24  (Apparatus,  General 
and  Physical  Chemistry,  Electronic  Phenomena,  Inorganic  Chemistry, 
Metallurgy,  and  Propellants,  respectively) . This  portion  of  the 
search  began  with  the  1957  volume,  and  is  complete  through  18  issues 
of  1961.  The  Issues  from  1950  to  1956  have  been  searched  in  the 
formula  index  for  all  references  to  fluorine  compoixnds,  excluding 
carbon  compounds  or  higher.  In  addition,  a limited  number  of 
subject  index  headings  have  been  searched,  including  the  names  of 
fluorine  compounds  cross-referenced  from  the  formula  index,  as  well  as 
certain  headings  involving  heat  processes. 

Although  the  search  of  Chemical  Abstracts  has  been  intensive  and 
detailed,  it  is  probable  that  certain  sources  have  been  missed,  because 
of  the  primary  dependence  upon  the  mention  of  the  compound  and  the  heat 
measurement  in  the  abstracts  studied.  It  is  also  probable  that  resort 
to  other  surveys  did  not  completely  fill  the  gap,  because  the  other 
surveys  in  general  did  not  cover  all  the  fluorine  compounds  in  any 
systematic  manner. 

The  present  examination  and  evaluation  of  the  sources  of  data  on 
fluorine  compounds  are  expected  to  continue.  Therefore,  information 
about  data  not  referred  to  in  this  article  will  be  welcomed  by  the 
authors . 

The  information  selected  from  the  various  references  was  limited 
to  energy  changes  occurring  at  constant  temperature.  In  particular, 
this  criterion  excludes  the  listing  of  specific  heat  measurements.  It 
permits  the  inclusion  of  energies  of  phase  changes,  free  energy  changes 
(or  the  related  equilibrium  constants) , as  well  as  enthalpy  changes 
occurring  in  chemical  processes  of  all  types  and  determined  by  any  means. 
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For  the  preparation  of  this  survey  gaseous  ions  as  chemical 
species  were  not  covered.  It  is  believed,  however,  that  all  other 
clearly  recognized  classes  of  chemical  species  have  been  included. 

3 . Arrangement  of  the  Tables. 

The  information  relating  to  heats  of  formation  is  summarized 
in  Tables  1 to  8.  There  the  chemical  species  are  separated  into 
fluorine  (Table  l) , binary  fluorides  (Table  2) , ternary  fluorine 
compounds  (containing  three  elements  including  fluorine)  (Table  3), 
quaternary  and  higher  fluorine  compounds  (containing  four  or  more 
elements)  (Table  4) > aqueous  fluoride  ion  (Table  5) ? binary  aqueous 
species  (Table  6) , ternary  aqueous  species  (Table  7) , and  quaternary 
and  higher  aqueous  species  (Table  8).  Hydrates,  ammoniates,  and  hydro- 
fluorides are  treated  consistently  with  other  compounds  in  these  tables, 
in  which  each  element  that  occurs  is  covmted  without  regard  to  chemical 
relationships  or  tightness  of  binding.  Within  Tables  2 and  5?  the 
compounds  are  arranged  alphabetically  with  respect  to  the  symbol  of  the 
non-fluorine  element. 

In  the  remaining  tables,  the  compounds  are  arranged  in  the  order  of 
the  formula  index  in  Chemical  Abstracts,  with  a single  modification:' 
compoimds  containing  water  or  other  coordinated  molecules  and  compounds 
containing  C and  H are  not  treated  as  exceptions  to  the  general  rules 
for  arrangement.  The  rule  for  arrangement  of  elements  within  a 
compound  is  that  they  are  in  alphabetical  order  according  to  their 
symbols.  The  rule  for  arrangement  of  compounds  within  a table  is  that 
the  compounds  are  in  alphabetical  order  except  that  for  the  first 
element  in  a compound,  for  example  Al,  all  formulas  with  A1  come  before 
those  with  Al^  and  so  on.  This  rule  is  maintained  for  each  successive 
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element  in  the  formula. 


When  this  procedure  leads  to  a formula  not  easily  recognizable 
in  terms  of  the  molecular  configuration,  a more  conventional  formula 
is  listed  In  parenthesis. 

A compound  whose  existence  has  not  been  demonstrated,  but  for 
which  a heat  of  formation  is  presented  is  followed  by  the  abbreviation,  hyp. 

Table  2 lists  all  binary  fluorides  which  were  encoimtered  in  the 
search,  whether  or  not  thermodynamic  data  were  found.  The  binary 
compo\mds  listed  were  found  by  scanning  the  form\ila  indices  of 
Chemical  Abstracts.  1950-1957;  such  monographs  as  Simons  [l]  and 
Ryss  [2];  and  the  recent  summaries  by  George  [4]  and  Peacock  [5]»  The 
practice  of  Including  compoxmds  for  which  no  thermochemical  data  have 
been  reported  is  not  continued  in  the  other  tables. 

The  data  for  each  compound  are  listed  according  to  the  phase  of 
the  compound  in  the  order  gas,  liquid,  crystal. 

The  purpose  of  these  tables  is  to  provide  a very  brief  summary  of 
new  data  related  to  the  heat  of  formation  of  each  compound,  and  its 
relation  to  prior  data.  For  this  purpose,  in  the  column  labelled 
"AHf°gg"  are  listed  the  experimental  values  for  the  heat  of  formation 
found  in  the  search.  In  addition,  the  heat  of  formation  listed  in 
NBS  Circular  500  or  a more  recent  authoritative  review  is  listed. 

References  are  given  for  each  value  listed.  It  should  be  emphasized 
that  appearance  of  a number  in  the  column  does  not  mean  that  it  has  been 
critically  evaluated,  or  that  precedence  over  other  values  or  partial 
data  listed  elsewhere  in  these  tables  is  Intended.  In  addition,  no 
effort  has  been  spent  toward  making  the  values  consistent. 
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In  the  column  headed  "Remarks"  are  described  the  processes  by 
which  heats  of  formation  have  been  derived.  In  this  column  are  listed 
data  which  are  not  reported  as  heats  of  formation,  but  which  are 
applicable  to  the  evaluation  of  a heat  of  formation  when  the  data 
are  combined  with  suitable  other  data.  Also  listed  are  values  for 
heats  of  formation  given  by  some  other  reviews,  and  estimated  values. 

The  usual  chemical  process  which  can  be  used  to  derive  a value 
suitable  for  listing  in  these  tables  involves  more  than  one  fluorine 
compound.  To  avoid  duplication,  cross  references  are  given  as  needed. 
When  two  phases  of  the  same  substance  are  involved,  as  in  a vaporization 
process,  any  enthalpy  change  reported  is  arbitrarily  listed  by  the 
substance  formula  in  the  phase  that  results  from  an  increase  in  energy; 
i.e.,  the  vapor  phase  in  this  instance.  This  procedure  is  adopted  in 
order  to  avoid  ambiguity  in  those  cases  in  which  more  than  one  molecular 
formula  may  be  found  in  the  vaporizing  gases.  Vapor  pressure  measure- 
ments are  listed  for  the  condensed  phase  in  equilibrium  with  the  vapor. 
These  vapor  pressure  studies  may  provide  additional  information  on  the 
heat  of  vaporization  or  sublimation. 

4.  Evaluation  of  the  Data. 

Due  to  the  lack  of  time,  it  has  not  been  possible  in  this  survey 
to  give  an  evaluation  of  the  available  data,  or  any  calculation  of 
heats  of  formation  on  a consistent  and  critical  basis,  from  the  reported 
heat  measiirements  of  particular  processes,  and  from  the  reported  free 
energy  and  entropy  data  for  equilibrium  processes.  The  values  given 
must,  therefore,  be  taken  as  citations  from  the  original  literature. 
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It  must  be  left  to  future  critical  analysis  to  indicate  the  greater 
or  lesser  degree  of  reliability  of  different  experimental  reports;  to 
place  the  calculations  upon  a consistent  basis,  particularly  with  regard 
to  the  values  to  be  used  for  auxiliary  thermodynamic  quantities 
required  in  the  calculation;  and  to  apply  the  most  appropriate  schemes 
for  correlation  or  analysis  of  the  data. 

Similarly,  as  stated  earlier,  it  has  not  been  possible  to  dis- 
criminate definitely  between  the  listed  values  which  were  taken  from 
various  other  reviews.  Each  value  listed  in  the  second  column  of  the 
tables,  as  coming  from  a review,  is,  therefore,  merely  a recent  value 
from  a competent  review,  and  is  not  to  be  considered  as  necessarily 
superior  to  other  values  found  in  other  reviews  listed  under  "Remarks" . 
The  reason  for  listing  such  a value  selected  from  a review  is  to  provide 
a fair  picture  of  the  situation  with  regard  to  compounds  for  which  data 
adequate  for  evaluation  of  a heat  of  formation  may  have  existed  prior 
to  the  period  covered  by  the  present  survey.  No  values  are  listed  in 
this  column  which  are  based  to  any  important  degree  upon  estimation. 

5 . Status  of  Data  on  the  Heats  of  Formation  of  Fluorine  Compounds. 

In  the  absence  of  a critical  evaluation  of  the  data,  a judgment  of 
the  reliability  of  the  existing  thermochemical  measurements  on  the 
fluorine  compounds  as  a group  will  not  be  attempted  here.  Of  some 
interest  is  an  estimation  of  the  extent  to  which  thermo chemical  data 
are  lacking  as  compared  to  the  extent  to  which  measurements  have  been 
made.  A careful  estimate  of  this  status  for  all  classes  of  inorganic 
compounds  would  require  a more  thorough  counting  of  the  polyatomic 
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fluorine  compounds  than  has  been  possible  for  this  review.  At  best 
such  a count  would  be  incomplete  at  any  given  time  because  the  number 
of  known  compounds  is  continually  being  augmented.  It  is  possible, 
however,  on  the  basis  of  the  information  in  these  tables  to  make  some 
limited  and  tentative  estimates  of  the  situation. 

Let  us  consider  for  example  the  binary  compounds.  Two  hundred 
seventy-eight  (278)  compounds  are  listed  in  Table  2,  an  average  of 
about  three  fluorides  for  each  element.  Of  these  we  find  listed  in  the 
table  a value  for  the  heat  of  formation  based  on  experimental  work  for 
93  compounds;  and  data,  in  some  instances  sufficient  for  the  calculation 
of  a heat  of  formation,  for  32  additional  compounds,  a total  of  125. 

This  leaves  153  binary  compounds,  somewhat  more  than  half  of  all  the 
binary  fluorine  compounds,  with  insxifficient  data  to  permit  a statement 
of  the  heat  of  formation  based  upon  experiment. 

Estimates  have  been  made  for  many  of  these.  The  adequacy  of 
such  estimates  is  a moot  point.  The  possible  uncertainties  are 
suggested  by  a few  examples  from  the  table.  For  AcF^(c)  estimates 
of  the  heat  of  formation  range  from  -395  to  -477  kcal/mole.  For 
AlF^(c)  a value  of  -311  kcal/mole  was  given  in  NBS  Circular  500  [9] 
for  which  an  estimate  of  the  heat  of  solution  was  used  to  complete  a 
cycle  of  thermochemical  data.  A more  recently  measured  value  reported 
on  the  basis  of  non-aqueous  reactions  was  -356.2  kcal/mole.  A recently 
measured  value  for  PF^(g)  is  -381.4  kcal/mole,  whereas  Gordon  [26] 
estimated  -420  kcal/mole,  and  Kapustinskii  [38]  estimated  -315  kcal/mole. 
Undoubtedly  some  estimates  are  better  than  these;  nevertheless,  the 
illustrations  given  above  are  by  no  means  only  for  exotic  or  exceptional 
compounds . 
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The  estimates  of  the  completeness  of  existing  data  can  be  extended 
to  the  case  of  more  complex  compounds  only  in  a qualitative  way.  In 
Table  3>  147  ternary  compounds  are  listed,  for  which  some  thermo- 
chemical data  have  been  presented.  Of  these  there  are  sufficient  data 
for  41  compounds  for  us  to  present  a value  of  AHf.  For  the  remainder 
some  relevant  data  or  estimates  of  the  heats  of  formation  are  available. 

The  various  monographs  on  fluorine  chemistry  and  the  Chemical 
Abstracts  indices  were  not  scanned  for  the  purpose  of  obtaining  a 
count  of  ternary  compounds,  so  we  do  not  have  even  an  approximate  count 
of  the  total  number  of  known  ternary  fluorine  compounds.  However, 
examination  of  a single  source  (George  [4])  gives  an  approximate 
number  of  the  ternary  compounds  involving  elements  of  groups  Vb  and 
VIb.  This  source  lists  45  ternary  compounds  involving  nine  elements  from 
these  two  groups,  compared  to  17  binary  compounds  involving  the  same 
elements.  The  ratio  of  ternary  to  binary  compounds  is  somewhat  over 
2.5  to  1.  Assuming  the  same  ratio  to  hold  for  the  ternary  and  binary 
fluorine  compounds  of  all  the  elements,  we  find  that  the  total  number 
of  ternary  fluorine  compounds  would  be  somewhat  in  excess  of  700.  The 
validity  of  this  assumption  is  not  easy  to  justify,  and  the  number  could 
be  made  very  far  in  error  by  the  discovery  of  a group  of  compounds  such 
as  chain  linked  molecules  analogous  to  the  carbon  compounds.  Thus 
estimates  of  the  number  of  compounds  in  the  area  for  which  measxirements 
remain  to  be  made  can  only  be  suggestive  of  the  magnitude  of  the  tasks 
involved  if  measurements  were  contemplated  on  all  compounds.  The 
contrast  between  41  compounds  for  which  measurements  have  been  made, 
leading  to  an  experimental  value  for  the  heat  of  formation,  and 
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approximately  700  for  which  measurements  might  be  contemplated  is 
striking,  and  indicates  the  need  for  a very  careful  consideration  of 
the  desirability  of  closing  the  gap,  and  of  ways  in  which  it  might  be 
done. 

6.  Some  Problems  and  New  Developments  in  the  Calorimetry 
of  Fluorine  Compounds. 

The  calorimetry  of  fluorine  compounds  has  been  hindered  by  the 
fact  that  in  comparison  with  oxygen  the  use  of  elemental  fluorine  in 
reaction  is  attended  with  difficxiltles  due  to  its  great  reactivity 
and  its  toxicity.  Procedures  for  reactions  of  oxygen  have  been  refined 
to  such  a degree,  that  reaction  vessels,  and  materials  compatible 
with  oxygen  are  not  lacking  for  almost  any  reaction  process  desired, 
either  in  a flsime  or  a bomb  calorimeter.  Recent  developments  suggest 
that  calorimetry  of  fluorine  will  also  be  possible  in  a comparably 
wide  range  of  experiments.  Already  promising  procedures  have  been 
worked  out  for  a very  satisfying  variety  of  measurements  directly  on 
elemental  fluorine.  Gross  [39»40,  568]  and  co-workers  have  developed 
procedures  for  the  use  of  fluorine  at  1 to  2 atm  pressure  in  glass 
vessels  in  which  the  fluorine  can  be  kept  separate  from  the  other 
reactant  until  reaction  is  desired.  Hubbard  and  co-workers  [41»42,43> 

44»  241 » 567]  have  demonstrated  the  feasibility  of  fluorine-bomb  calorim- 
etry, using  nickel  or  monel  bombs.  They  have  applied  their  method  to 
measurements  of  metals  and  metalloids  forming  volatile  fluorides,  such 
as  those  of  titanium  and  boron.  Armstrong  and  Domalski  [45]  have  been 
able  to  extend  fluorine  bomb  calorimetry  to  metals  such  as  aluminum, 
which  form  relatively  non-volatile  fluorides.  Other  laboratories  are 
also  attempting  work  in  this  direction  [46]. 
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bomb 


cuTibustior  of  organic  and  hydrogeneous  compounds  in  a fluorine 
orimeter  apparently  has  not  been  attempted  for  precise  measure- 
ments. The  use  of  hydrogenous  materials  offers  difficulties  in  the 
great  non-ideality,  the  probable  condensation  of  part  of  the  hydrogen 
fluoride  that  would  be  formed,  as  well  as  the  extreme  corrosiveness  of 
the  gas  at  elevated  temperatures.  The  presence  of  water  in  the  bomb 
to  dissolve  the  HF  reduces  the  amount  of  corrosion  to  an  extent  that 
ma^?-  make  it  tolerable,  as  was  shown  by  Armstrong,  Marantz  and  Coyle  [47] 
rnt  involving  elemental  fluorine.  The  use  of  water 
i.  i-esence  of  fluorine  to  dissolve  the  hydrogen  fluoride  as  it 
is  fo  isd  would  be  precluded  by  the  reaction  of  water  with  fluorine. 
Nevertheless  these  difficulties  may  be  susceptible  to  a careful  approach. 
There  seems  to  be  no  a priori  reason  why,  for  instance,  hydrogen  fluoride 
formed  by  combustion  in  a bomb  could  not  be  absorbed  in  sodium  fluoride, 
much  as  it  is  absorbed  in  NaF  traps  in  flame  calorimetry  experiments  [48]. 
"Teflon”  has  been  shown  [45]  to  burn  readily  in  fluorine  and  is  now 

ij  -1  e in  thermosealable  thin  films,  from  which  it  should  be  possible 
to  fabricate  sample  containers  for  liquids  or  spontaneously  igniting 
substances.  Such  an  experiment  could  open  up  the  whole  field  of  the 
thermochemistry  of  the  fluorocarbons  and  the  partially  fluorinated 
hydrocarbons,  as  well  as  other  substances  not  now  accessible  to  such 
reactions.  Of  more  immediate  importance  to  the  thermochemistry  of 
fluorocarbons  has  been  the  development  of  methods  for  the  satisfactory 
combustion  of  such  materials  in  oxygen  by  Good,  Scott  and  Waddlngton 
[49,50]. 
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Of  equal  importance  to  the  development  of  bomb  calorimetric 
methods  with  fluorine  has  been  the  development  of  a flame  calorimeter 
suitable  for  burning  gaseous  samples  in  an  atmosphere  of  fluorine  [48] . 
This  procedure,  successfully  used  in  the  combustion  of  methane  and 
ammonia,  should  be  adaptable  to  the  combustion  of  other  gaseous 
materials  in  which  either  a fluoride  is  formed,  or  a fluorine  oxidizer 
burns  another  material  such  as  hydrogen  or  ammonia. 

The  difficulties  in  the  use  of  elemental  fluorine  are  at  least,  in 
part,  compensated  by  another  aspect  of  fluorine  thermochemistry: 
the  very  great  utility  of  hydrofluoric  acid  as  a solvent.  It  is 
probable  that  the  dissolving  characteristics  of  hydrofluoric  acid 
solutions  have  not  been  used  to  their  fullest  extent  for  the  determina- 
tion of  heats  of  formation  of  fluorine  compounds.  There  have  been 
many  applications  to  the  determination  of  the  heats  of  formation  of 
mineral  products,  mostly  oxides  and  silicates.  More  satisfactory  and 
more  frequent  application  to  the  determination  of  the  heats  of  formation 
of  fluorine  compoimds  should  follow  a better  understanding  of  the 
species  equilibria  and  rate  processes  involved  in  solutions  of  complex 
fluoride  ions . 

In  some  areas,  it  is  apparent  that  uncertainties  in  the  heats  of 
various  processes  exert  a significant  effect  upon  the  thermo chemical 
calculations,  and  that  there  is  room  for  improvement  of  some  of  the 
more  basic  quantities  of  fluorine  thermochemistry.  A few  instances 
will  be  briefly  cited. 
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(1)  The  heat  of  formation  for  HF(g)  is  listed  in  NBS  Circular  500 
as  AHf  = -64*2  kcal/niole.  This  value  is  less  negative  than  the  value 
obtained  by  Von  Wartenberg  and  Schutza  [5l]  in  their  careful 
experiments.  A more  negative  value  is  also  indicated  by  the  experi- 
ments of  Armstrong  and  Jessup  [48] . If  a value  as  negative  as  -64.6 
kcal/mole  were  the  proper  value,  the  determinations  of  the  heat  of 

formation  of  CF  by  Jessup,  McCoskey  and  Nelson  [52]  and  by  Scott,  Good 
4 

and  Waddington  [49],  would  be  brought  into  essential  agreement  at 
-220  kcal/mole  and  the  value  determined  by  Neugebauer  and  Margrave  [l73] 
would  be  only  1 kcal  different  at  -219  kcal/mole  rather  than  these 
determinations  being  separated  by  2 or  3 kilocalories. 

(2)  The  non-ideality  of  hydrogen  fluoride  in  the  low  pressure 
region  is  so  poorly  known  that  use  of  one  set  of  P-V-T  data  or  another 
can  lead  to  differences  up  to  nearly  1 kcal/mole  for  the  heat  of 
formation  at  various  pressures  (see  [48]  for  a discussion) . 

(3)  A great  deal  of  work  has  been  done  on  the  dissociation 
energy  of  fluorine  (Table  l) . Despite  the  large  amount  of  work,  the 
value  which  lies  near  38.7  kcal/mole,  as  indicated  by  most  of  the 
recent  work,  still  has  not  been  as  precisely  established  as  would  be 
desirable.  This  value  enters  into  all  calculations  of  average  bond 
energies  of  fluorine  compounds. 
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7 . S.ymbols  and  Abbreviations  Used  in  Tables  1-8. 


amorph. 

assoc . 

dissoc. 

D , D 
o 

equil. 

est. 

e.v. 

hyp. 

K 

K i 
K sp 
log  K 
meas . 

thermodyn . 

v.p. 

(aq) 

(c) 

(g) 

(i) 

(var.) 

(400  H^O) 
AF  reac. 
AFf 
AH 
AHf 


amorphous 

association 

dissociation 

dissociation  energy 

equilibrium 

estimate 

electron  volts 

hypothetical  compound 

equilibriiim  constant 

ionization  constant 

solubility  product  constant 

logarithm  to  the  base  10  of  the  equilibrium  constant 
measured 

prop.  thermodynamic  properties 
vapor  pressure 
aqueous 
crystal 
gas 

liquid 

various  concentration  of  real  solutions  are  als  Lven 

in  400  moles  of  water 

free  energy  of  reaction 

free  energy  of  formation 

enthalpy  change 

heat  of  formation 
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standard  heat  of  formation  at  298°K 


“498 

standard  heat  of  formation  at  298°K. 

fus. 

heat  of  fusion 

AH  hydr. 

heat  of  hydrolysis 

AH  pptn. 

heat  of  precipitation 

AH  reac. 

heat  of  reaction 

AH  soln. 

heat  of  solution  (in  H^O  unless  otherwise  specified) 

Ah  sub. 

heat  of  sublimation 

AH  vap. 

heat  of  vaporization 
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TABLE  1.  FLUORIDE 


Substance 


or  AH°  (koal/mole) 


Remarks 


F(g) 


N.B.3.  Circ.  500  [9]  gives  18.3  for  AHf°gg.  See  F2(g)  for 
extensive  later  Information. 


F2U) 

F2(o) 


Experimental  measurements 
leading  to  or  AH°  for 
dissociation  have  been  re- 
ported as  follows: 

66[54],  50  ±6[55],  < 45[56], 
37.7  at  759  to  1115°K  or  38.9 
at  1000°K[57],  > 45 [58], 
40-45[59],  37.7[60],  39.9 
±0.8[6l],  37.0±2[62],  31.5 
±0.9[63],  37.6  ±1.6[64], 

37.6  ±0.8[65] , 31[66,67] , 

38  ±0.4[68,  69],  32  ±3[70], 
37.5[71],  41.3  ±0.5[73], 
37.1[92],  31.6  ±4-3[606], 

< 39.0[606]. 


Discussions  and  calculations  of  the  dissociation  energy  have 
been  reported  by  [9,  11,  14,  18,  75,  76,  77,  78,  79,  80,  81,  82, 

83,  84,  85,  86,  87,  89,  90,  91,  93,  94,  95,  96,  97,  98,  99,  100, 

101,  102,  103,  104,  5O8] . [105]  meas.  v.p.  and  AH  vap.  [540]  meas. 

ionization  and  dissociation  by  electron  impact.  [580]  est.  D^ 
values  from  -34  to  +180. 


[105]  meas.  AH  fus. 

[105]  meas.  AH  trans.  (c,l)  -*■  (c,II)  . 


Data  in  tables  1-8  are  citations  from  the  literature  and  have  not  been  critically  reviewed  for  this  paper. 

All  numerical  values  are  in  kcal  mole  ^ unless  otherwise  specified. 

See  [9]  for  additional  references  prior  to  1949- 

Superscript  a on  AHf  values  for  Br  and  I compounds  indicates  that  such  values  are  based  on  Br^Cg)  or  ^2^^^  standard  states. 
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TABLE  2.  BINARY  FLUORIDES 


Compound 

AcFj(o) 

AgF(o) 

AgF2(c) 

Ag2F(c) 

AIF(g) 


AlF(r'’  hyp. 
AlF2(g)  hyp. 
AIF,  ^c)  hyp. 
AlF2(g) 

AlF^Ci) 

AlFjCc) 


Al2F.(g) 

AjtiFjCc) 

AmF^(g) 

AmF^Co) 

AsFj(g) 

AsF^(l) 

AsF3(c) 

AsF^(g) 

AsF^(l) 

AsFj(c) 

AuF(o)  hyp. 


(kcal/mole) 


Remarks 


[20]  est.  AHf°gg  = -395.  [12]  est.  -420  ± 10.  [106]  reports  £ -477  from  considera- 
tion of  the  high  temp,  reaction:  3Li(g)  + AcFg(c)  = Ac(c)  + 3LiF(t)  . 

-48.5  [9]  [107]  lists  ah  soln.  [108]  calc,  lattice  energy.  Other  reviews  give  for 

AHf°gg:  -48.5  ± 1.0  [15],  -48.7  [12,20]. 

-88.5  [9]  Other  reviews  give  for  ^1298'  “®3"0  =1  2.5  [15],  -83  ± 4 [12]. 


-50.4  [9] 


[12]  lists  -50.3  for  AHfOgg. 


-61.3  ± 2.0  [35] 
-49  [510] 

-59.2  [115] 

-61.4  [116] 

-50.9  [607] 


-284.8  ± 6 [34] 
-285.3  ± 2 [122] 


-356.2  ± 2 [35] 
-355.7  [115] 
-356.15  [116] 
-356.3  [116,  117, 
118] 

-357.0  ± 2.0  [119] 


The  equilibrium:  2A1  + AIF^  = 3A1F,  was  studied  by  [ill,  113,  115,  510,  607]. 

Spectroscopic  measurements  of  were  reported  by  [74,  112].  [114]  lists  many  AF 

reac.  of  AlF(g).  is  also  reported  or  discussed  by  [11,  12,  14,  18,  37,  109,  110, 
111,  115,  Il6] . [547]  calc,  binding  energy.  Other  reviews  give  for  AHf^gg: 

-50  ± 5 [109],  -51.4  [9],  -55  [12],  -60  [25],  -60.1  ± 1 [26]  -60.5  [2l], 

-60.97  ± 1 [24],  -61  ± 5 [17],  -6l.O  ± 2 [15],  -61.3  [27,  37], 

[109]  est.  AHf°gg  = -103.  [12]  lists  -102.  [34]  lists  -102  ± 10.  See  also  [514]. 

[34]  lists  AHf°gg  = -114  ± 5.  [25,  27]  est.  -157.  [24]  est.  -172 15- 

[26]  est.  -172  ± 20. 

[109]  est.  AHfOgg  = -184.  [33]  lists  -184  ± 10. 

[Ill,  120,  122,  123,  510]  calc.  AH  sub.  [121]  calc.  AH  vap.  [9]  lists  and  [32] 
reviews  AH  sub.  Other  reviews  give  for  AHf|gg:  -270  [33],  -283.0  ± 2 [24,  26], 

-283.8  [21],  -284.8  ± 6 [25,  37],  -285.4  ± 5 [27].  See  AljFgCg)  and  AlF^Li(g). 

[121]  meas.  v.p.  [124]  meas.  AH  fus. 

[115,  117,  119]  meas.  AH  for  the  reaction:  A1  + 3/2  PbF2  = AIF^  + 3/2  Pb.  See  also 

[116,  118].  See  [45]  for  AHf.  [124]  meas,  AH  trans.  a - AIF^  p - AIF^.  [514] 
gives  e.m.f.  of  A1  - AIF^  electrode,  [ill,  120,  121,  122,  123]  meas.  v.p.  [38,  516, 
517,  518]  est.  AHf^gg.  Other  reviews  give  for  AHf^gg:  -311  (est.)  [9],  -323  ± 5 

(est.)  [12,  20],  -331.5  [2],  -355.7  [21,  24,  26,  33],  -355.8  ± 2 [15],  -356.3  [25], 
-356.3  ± 1 [17],  -356.3  ± 2 [37],  -356.3  ± 5 [34].  [517]  also  reviewed  AHf°gg. 

See  also  AlF(g),  AlFgNag(t). 

For  the  reaction:  Al2Fg(g)  = 2AlFg(g),  [125]  meas.  ^Jqqq  = 48.0.  See  also  [32]. 


-218.3  [9] 
-226.8  [9] 


[128]  calc.  AH  sub.  See  also  v.p.  meas.  for  AmFg(c).  See  also  [106]. 
[126,  127,  128]  meas.  v.p.  [20]  est.  AHf°gg  = -382. 

[9]  lists  AH  vap.  [17]  lists  -218.3  for 

[129]  meas.  AH  fus.  [9]  lists  AH  fus.  [20]  lists  AHfOgg  = -198.3. 

[2]  lists  AH  sub.  [9]  lists  A H vap.  [20]  est.  ~ “265- 

[9]  lists  AH  fus. 


[ijj]  calc,  lattioe  energy  and  est.  AHf  = 39  and  45.  [12]  est.  AHf|gg  = -18  ± 4. 

[20]  est.  -18. 


AuF2(c) 


[12]  est.  AHf°gg  = -57±  20.  [20]  est.  -57. 


AuFg(o) 


-83.3  ± 2 [15]  [131]  meas.  AH  hydr.  of  AuFg(c).  [12]  est.  AHf^g  = -100  ± 40.  [20]  est.  -100. 

-83.3  [131] 
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TABLE  2.  BINARY  FLUORIDES  (continued) 


Compound 


AHf°gg  (kcal/mole) 


Remarks 


BF(g) 


BFjCg) 


^43*867  [31]  [11,  14,  110]  report  D^,  [132]  gives  bond  energy  (B-F).  [547]  calc,  binding  energy. 

Other  reviews  give  for  AHf°gg:  -17.4  [9,  22],  -40.27  [29],  -42.87  ± 5 [26], 

-42.87  [27,  30],  -42.9  ± 5 [24],  -42.9  [17],  -43.2  [21],  -47.9  [25]. 

[25]  est.  AHfOgg  = -133.2.  [27]  lists  -133.843*.  [3l]  est.  -134.84. 

[26]  est.  -156  ± 15.  [24]  est.  -157  ± 15. 


BFjCg) 


BFj(t) 

BF^(o) 

B2F4(g) 

BJ.  (1) 

B^FeU) 

BaF(g) 

BaF2(g) 

BaF2U) 

BaF2(c) 


BeF(g) 


BeF2(g) 


BeF2(l) 

BeF2(c) 


BeF^Cc) 

BiF(g) 

BiF(c) 

BiF2(c) 

BiFjCc) 

BiF^(c) 


-270.0  ± 2.5  [31] 
-270.8;  -271.6 

[40] 


-270.2  [133] 


[40,  133]  meas.  AH  for  direct  combination  of  elements.  See  [42,  43]  for  preliminary 
values  for  AHf^gg  prior  to  [133].  [134]  meas.  AH  soln.  of  BFg(g)  in  HF.  [520] 

reviews  v.p.  [9]  lists  AH  vap.,  AH  sub.  Other  reviews  give  for  AHf°gg:  -265.4  [9,  22], 
-266.9  [21,  29],  -270  [17],  -270.0  ± 2 [24,  25,  26,  27,  30],  -273.5  [12,  20] . See 

also  (BFO)j(’r'i,  BClF2(g)  and  BCl2F(g). 

[519,  , - -S.  v.p.  [135]  meas.  AH  fus.  [9]  lists  AH  fus. 


[136]  meas.  AH  for  the  reaction:  B2F^  + CI2  = 0.92  BF^  + O.46  BF2CI  + 0.32  BFCI2  + 

0.30  BCl^  and  calc.  AHf|gg  = -342.0.  [137]  calc.  AH  vap. 

[137]  meas.  v.p. 

[137]  meas.  v.p. 


-9  [9] 


-286.9  [9] 


+3.80  [34] 


[11,  14]  list  D^.  [547]  calc,  binding  energy. 

[9]  lists  ah  vap.  [610]  calc,  binding  energy. 

[140]  meas.  AH  fus.  [9]  lists  AH  fus. 

[139]  meas.  AH  reac.  of:  BaF2  + CaCl2,  BaF2  + SrCl2,  BaF2  + SrCl2-  SrF2.  [264]  calc. 

AF  for  the  reaction:  BaCl2  + 2HF  = BaF2  + 2HC1.  [138  , 544]  correlate  fflf|98' 

reviews  give  for  4Hf°gg:  -286  [20],  -286  ± 1 [12] , -286.0  ± 3 [15],  -286.9  [17]. 

[141]  meas.  D^.  [ll,  14  , 22  , 33  , 34,  37]  list  D^.  [547]  calc,  binding  energy.  Other 

reviews  est.  for  AHf°^g:  +3.80  [37],  + 3.80  ± 30  124],  +4  [17],  +4.8  [21,  27], 

-16.5  ± 10  [26],  -28.2  [25]. 


-182.8  [35] 

-182.8  [27] 


-241.2  ± 2 [35] 

-241.08  [142] 

[46]  see  Remarks* 


[144,  145,  146]  calc.  AH  Sub.  [353]  obs. 


[610]  calc,  binding  energy.  Other  reviews  give  for  AHf|gg: 


[144,  145,  146,  147,  U9]  calc.  AH  vap. 

BeF2  ion  intensity. 

-168.6  ± 10  (est.)  [24],  -170.86  (est.)  [2l],  -178  [33],  -I8I.8  ± 5 [26],  -182.8  [27], 
-182.9  ± 6 [37],  -192.1  [15,  17,  25]. 

[144,  145,  146,  147,  149]  meas.  v.p. 

[142]  determined  AH  soln.  of  BeO  and  BeF^  in  HF(aq).  [46]  has  burned  Be(c)  in  F2  and 
reports  AHf°gg  = -258.3,  -256.8,  -255.9  for  the  reaction  Be(c)  + F^(g)  = BeF2(c). 

[143]  reports  three  forms  of  BeF2(c):  a - BeF2(c)  p - p ^F^337°  y _ 


[144,  145,  146]  meas.  v.p.  [545]  correlates  fflf°^g.  Other  reviews  give  for 
AHfOgg:  -220(est.)  [20],  -227. ± 5(est.)  [12,  21],  -227  ± 10  [15,  33],  -241.1 

[25,  34],  -241.2  ± 2 [37],  -241.7  ± 5 [26]. 


+7  [9] 


-212  ± 10  [15] 


[11,  12,  14]  list  D^.  [17]  lists  AHf^g  = +7. 

[20]  est.  AHfOgg  = -65. 

[20]  est.  AHfOgg  = -I40. 

[12,  20]  est.  AHfOgg  = -216.  See  BiF^U). 

[20]  -est.  AHfOgg  = -285. 


* Apparently  an  error. 
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TABLE  2.  BINARY  FLUORIDES (continued) 


Compound 

BiT'j(g) 

BiFj(t) 

BrF(g) 

BrF^(g) 

BrF^(t) 

BrF^(o) 

BrFj(g) 

BrFj(t) 

BrFj(c) 

BrF^(g) 

BrjF^Cg) 

CF(g) 

CF2(g) 

CFjCg) 


CF^(g) 


CF^(t) 

CF^(c) 

CaF(g) 

CaF2(g) 

® Value  based 


AHf°gg  (kcal/mole)  Remarks 

[150]  calc.  AH  vap. 

For  the  reaction:  = BiFj(c)  + F2(g)>  [150]  reports  AF  reac.  is  negative  at 

200°  (deconposition  pressure  exceeded  range  of  available  apparatus).  [150]  meas.  v.p. 

-18. 36®  [102]  [11,  14,  102,  152,  153,  154,  155,  156,  157,  158]  report  D^.  [505]  calc.  AHf°jg  = 

-17.7®  ± 0.5.  See  BrF^(g),  BrF^(g). 

-64.8®  ± 0.2  [505]  [505]  meas.  AH  for  the  reaction  of  Br2(g)  + ^2^^^  forming  BrF^  and  BrF^.  For  the 
reaction:  Br2(g)  + BrFj(g)  = 3BrF(g),  [l5l]  meas.  AF  = + 1.2, AH  = 11.9.  See  also 
[524].  [154]  est.  average  bond  energy  (Br-F)  in  BrF^.  [159]  calc.  AH  vap.  [25] 

lists  AHfOgg  = -75.  See  BrFj(g),  Br2Fg(g). 

-75  [151]  [159]  meas.  v.p.,  AH  fus.  See  [155]  for  general  review. 


-124. 0®  [102]  For  the  reaction:  1/2  Br2(g)  + 5/2F^(g)  = BrFj(g),  [505]  meas.  AH  = -106.2  ± 0.3. 

-106. 2®  ± 0.3  [505]  For  the  reaction:  2BrFj(g)  = BrF(g)  + BrFj(g),  [163]  est.  AF  = -10.8.  [154]  est. 

average  bond  energy  (Br-F)  in  BrF^.  [I60]  gives  thermodyn.  prop.  [l62]  calc.  AH 
vap.  [9]  lists  AH  vap.  See  v.p.  studies  for  BrFj(t).  [221]  studied  dissociation. 
[17]  lists  ^^298  ~ “120.  See  [155]  for  a general  review. 

[161,  162,  164]  meas.  v.p.  [I64]  meas.  AH  fus.  [9]  lists  AH  fus. 


[525]  est.  K for  the  reaction:  1/2  Br2Fg  = 2BrFj. 

[526,  527]  meas.  D^.  [U]  lists  D^.  [357]  meas.  ion  appearance  potential  from 

CF^Br  and  CF^I.  [17,  22]  calc.  ‘AHfOgg  = +74.  [28]  lists  +74.409.  [21,  24,  25] 

calc.  +74.5.  [26]  calc.  +82.8  ± 10. 

[165,  357]  meas.  appearance  potential  of  CFg"*”.  [l67,  169]  meas.  energies  of  bond 

dissoc.  leading  to  CF2.  [22,  531]  est.  AHf^g  = -17.  [l69]  est.  < -18.  [26]  est. 
-18  ± 5.  [21,  24]  est.  -23.  [25]  est.  -30.  [165]  est.  -30  ± 20.  [28]  est. -46  ± 5. 
[28]  gives  as  sources  [528,  529,  530]. 

[166]  meas.  ionization  potential.  [104,  I66,  167,  169,  177,  358,  359]  evaluate 
energies  of  bond  dissoc.  leading  to  CF^.  [I66,  357,  532]  meas.  ion  appearance 
potential.  [624]  est.  A«f^g  = -113.5  ± 2.  [I66]  est.  -117.  [I68]  est.  -119. 

[169]  est. -119.5.  [21,  24,  26]  est.  -120.  [22,  25,  167]  est.  -120.5.  [28]  est. 

-130  ± 10. 


-162.5  [9] 

-231  [170] 

-225  [171] 

-212.7  [172] 
-218.3  [49,  50] 
-217.2  [173,  176, 
537] 

-218  ± 2 [174] 
-219.2  ± 2.3  [175] 


-9.3  [9] 


[49]  (see  also  [50])  meas.  AH  for  the  combustion  of  C2F^(s)  in  0^  with  CF^  as  a 

product.  [52]  meas.  AH  for  the  reaction:  CH, (g)  + 4F_(g)  = 4KF(g)  + CF,(g).  [170, 

4 ^ 4 

171,  174]  meas.  AH  for  the  reaction:  OF, (g)  + K(c)  = 4KF(c)  + C.  [175]  meas.  AH 

4 

for  the  reaction:  CF^(g)  + Na(c)  = 4NaF(c)  + C.  [172,  173]  (see  also  [176,  537]) 

meas.  AH  for  the  reactions:  C2F^(g)  + 2H2(g)  = 20  + 4HF(aq),  and  C2F^(g)  = CF^(g) 

+ C.  [166,  167,  169,  177]  report  bond  energy  (F^C-F).  [9]  lists  /E  vap.  [6IO]  calc. 

AH  vap.  [314]  conpared  observed  reactions  with  those  calculated  from  thermodyn.  data. 
[625], correlates  AHf.  Other  reviews  give  for  -162.5  [20],  -164  [12],  -218 

[17,  21,  22,  24,  25,  26,  28],  -218  ± 2 [36l],  -220  ± 3.5  [15]. 

[610]  meas.  v.p.  [135]  meas.  AH  fus.  [9]  lists  AH  fus. 

[135]  meas.  AH  trans.  [9]  lists  AH  trans. 

[11,  14]  list  D^.  [547]  calc,  binding  energy.  [25]  lists  AHf|gg  = -9.3. 

[9]  lists  ah  vap.  [548,  610]  calc,  binding  energy.  [25]  lists  AHf°„j,  = -199. 


upon  Br2(g)  as  the  standard  state. 
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TABLE  2.  BINARY  FLUORIDES  (continued) 


Compound 


^^298 


Remarks 


CaF2(0 

[140]  meas.  AH  fus.  [9]  lists  AH  fus. 

CaF2(c) 

-290.3  [9] 

[139]  meas.  AH  reao.  of:  CaF2  + BaCl2>  CaF2  + SrCl2.  [9]  lists  AH  trans.  [138,  544] 

correlate  AHf.  Other  reviews  give  for  AHf^gi  -290.2  [12,  17],  -290.3  [15,  20] . 

See  SiF^(g) . 

CdF2(g) 

[9]  lists  AH  vap.  [6IO]  calc,  binding  energy. 

CdF2(t) 

[9]  lists  AH  fus. 

CdF2(o) 

-164.9  [9] 

See  [43]  for  AHf.  [178]  reports  AF  of  cell  reactions  of:  CdF2  - CdF2  - ^^62^2’ 

CdF2  - CuF2-  [178,  179]  meas.  v.p.  Other ' reviews  give  for  AHf^g:  -164.9  [20], 
-166.5  [15],  -167  [12]. 

CeFj(l) 

[180]  reports  ^1^732  = "389.  [180]  meas.  AH  fus. 

CeF^(c) 

[181]  meas.  AH  pptn.  [I80]  est.  AHf°gg  = -410  ± 7.  [15]  est.  -410  ± 10.  [20]  est. 
-416.  [12]  est.  -416  ± 7.  See  CeF^HOi  (c)  . 

CeF,(c) 

4 

[12,  20]  est.  AHf°gg  = -442. 

ClF(g) 

-13.42  [102] 

[62]  reacted  F2  with  CI2.  [ll,  14,  75,  77,  102,  153,  154,  158,  182,  183]  report  or 

ClF(l) 

-11.7  [62] 

discuss  D^.  [9]  lists  AH  vap.  [102,  155]  review  thermodyn.  prop.  Other  reviews 

give  for  AHf°gg:  -12'.62  [25],  -13.3  [9,  22,  24],  -13.42  [17] , -13.501  [28], 

-15  [12]. 

ClFjCg) 

[25]  est.  6Hf|gg  = -25. 

ClF^Cg) 

-38.79  [102] 

[170]  meas.  AH  for  the  reaction:  CIF^  + NaCl  = 3NaF  + 2CI2.  [154]  est.  average 

-28.4  [170] 

bond  energy  (Cl-F)  in  CIF^.  [184]  calc.  AH  vap.  [9]  lists  AH  vap.  See  v.p. 
studies  for  ClFj(-l).  [185,  528,  534]  calc,  thermodyn.  functions.  [155,  186]  review 
thermodyn.  prop.  Other  reviews  give  for  AHf^gg:  -37  [9,  25],  -38.79  [17,  27], 

-42  ± 2 [12]. 

ClF^Cl) 

[184,  535]  meas.  v.p.  [I84]  meas.  AH  fus. 

ClFjCc) 

[184]  meas.  AH  trans. 

(ClF2)2(g) 

From  equil.  studies  [l87]  gives  for  the  reaction:  2ClF3(g)  = (ClF3)2(g),  6H  = -3.3. 

CmF2(c) 

See  [106] . 

CmFjCc) 

See  [106]. 

CoF2(c) 

-159  [9] 

Other  reviews  give  for  AHfggg:  -158  ± 1 [12,  20],  -159  ± 5 [15].  See  CoF^Cc). 

CoF^Cc) 

-187  [9] 

For  the  reaction:  2CoF2(o)  + F2(g) = 2CoF3(c) , [I88]  meas.  AH2JQ0Q  = -56. Ij  and  for: 
2CoF2(c)  + H2(g)  = 2CoF2(c)  + 2HF(g),  AH33JOJ,  = -74  ± 4.  Other  reviews  give  for 
AHfOgg:  -187  ± 6 [15],  -190  ± 10  [12,  20]. 

CrF2(c) 

-181.0  [9] 

Other  reviews  give  for  AHf^gg:  -182  [12,  15,  20] . 

o 

o 

-265.2  [9] 

Other  reviews  give  for  -266  ± 5 [12,  15,  17],  -266  [20]. 

CrF^(c) 

-286.5  [12] 

Other  reviews  give  for  AHf^g:  -286.5  ± 6 [15,  20]. 

CrF5(c) 

[20]  est.  AHfOgg  = -350. 

CrF^U) 

CsF(g) 

[64,  536]  meas.  D^.  [11,  14]  list  D^.  [19]  reviews  dissociation  and  vaporization. 

[190,  191]  calc.  AH  sub.  [549]  calc,  binding  energy.  [17]  lists  ~ 

[25]  lists  -85. 

CsF(t) 

[193]  meas.  AH  fus.  [9,  17]  list  AH  fus. 
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Compound 

AHf^8  (kcal/mole) 

Remarks 

CsF(c) 

-126.9  [9] 

[194]  tabulates  AH  for  reactions:  CsF  + MCI  (M=Li,  K,  etc.).  [192,  195]  meas.  AH 
soln.  [192]  meas.  AH  soln.  inCs.  [195]  meas.  AH  hydration.  [190,  191]  meas-  v.p. 
[544,  613]  calc,  lattice  energy.  Other  reviews  give  for  AHf|^g:  -126.9  ± 4 [15] > 

-131.7  ± 0.2  [12,  20] . 

CsFj(c) 

(CsF)2(g) 

For  the  reaction:  (CsDjCg)  = 2CsF(g),  [189,  512]  calc.  ^;l121°K  ^^^46]  calc, 

energy  of  dimeriz.  [190]  reports  dissoc.  energy  and  AH  sub.  See  CsF(g),  CsF2Rb(g). 

(CsF)j(g) 

[196]  reports  binding  energy.  [189]  reports  species  abundances. 

CuF(g) 

CuF(c) 

+U  [9] 

[11,  14]  list  D^.  [17]  lists  AHfOgg  = +44- 

[130]  calc,  lattice  energy  and  est.  AHf  = -14,  -18,  and  -36.  [15,  20]  est.  4Hf|gg  = 

-60.  [12]  est.  -60  ± 3- 

CuF^Cc) 

-126.9  [9] 

[178]  reports  AFf.  Other  reviews  give  for  AHf°gg:  -128  ± 4 [12,  15,  20]. 

DF(g) 

(DF)g(g) 

DyFj(c) 

[12]  est.  AHfOgg  = -398  ± 7. 

ErF^Cc) 

[12]  est.  AHf^g  = -392  ± 7. 

EuF2(c) 

[12]  est.  AHf^g  = -300  ± 7. 

EuF^Cc) 

[12]  est.  AHf^g  = -391  ± 7. 

FeF2(c) 

-168  ±2  [12] 

[15]  lists  4Hf|gg  = -168  ± 5. 

FeF^(c) 

-235  ±13  [12] 

Other  reviews  give  for  AHf°gg:  -235  [15,  20 ]. 

FrF(g) 

[614]  calc.. AH  sub. 

GaF(g) 

[14]  lists  D^.  [110,  197,  198]  report  D^.  [547]  calc,  binding  energy. 

GaF(c) 

[12,  20]  est.  AHf°gg  = -56  ± 10. 

GaF2(c) 

[12]  est.  AHf^g  = -165  ± 10.  [20]  est.  -I60. 

GaF3(c) 

[12,  20]  est.  AHf°gg  = -255  ± 10. 

GdF^(c) 

[181]  reports  4Ff°gg  = -388.7.  [12]  est.  AHf°gg  = -404  ± 7. 

GeF(g) 

[515]  meas.  D^.  [ll,  14]  list  D^.  [25]  lists  AHf|gg  = -I6.6. 

GeF2(c) 

[12,  20]  est.  AHf°gg  = -170  ± 15. 

GeF^(g) 

GeF, (c) 
4 

[9]  lists  AH  sub.  [199,  200]  calc,  thermodyn.  prop.  [201]  conpares  halides  of  Ge  and 
Si.  [314]  conpares  observed  reactions  with  those  calcd.  from  thermo,  data.  [20]  est. 
AHf°98  = -281.  [12]  est.  -290. 

HF(g) 

-64.2  [9] 

-64.4  ± 0.25  [48] 

[48]  meas.  AH  for  the  reaction:  NH^Cg)  + 3/2F^{g)  = 3HF(g)  + l/2N2(g).  [541]  meas. 

AH  soln.  in  molten  NaF-ZrF, . [539]  meas.  Ki  of  HF.  [ll,  14]  list  D . [84,  86,  202, 

4 0 

203,  204,  205]  report  D^.  [540]  reports  ionization  and  dissoc.  by  electron  iii^Jaot. 

[206,  207]  give  4H  for  the  reaction:  (HF)^_^(g)  + HF(g)  = (HF)^(g).  [105,  207,  209, 

215]  est.  assoc,  factors.  [105,  211]  meas.  AH  vap.  [209,  210]  calc.  AH  vap.  [9] 
lists  AH  vap.  [208]  reports  general  thermodyn.  prop.  Other  reviews  give  for 
AHf°gg:  -64.2  [15,  17,  20,  21,  22,  24,  25,  26,  97],  -64.4  ± 0.3  [28],  -64.43  [12]. 

See  also  NaF(c),  F^HNaCc),  SiF^(g) . 
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Conpound 

HF(t) 

HF(c) 

(HF)2(g) 

(HF)3(g) 

(HF)^(g) 

(HF)^(g) 

HfF2(c) 

HfF^Cc) 

HfF^(c) 

HgF(g) 

HgF(c) 

HgF2(g) 

HgF2(c) 

Hg2F2(=) 

(HgF)2 

HoF^(c) 

IF(g) 

IF3(g) 

IFjCg) 

IFjCt) 

IFj(c) 

IF7(g) 

IF^Cc) 

InF(g) 

InF(c) 

InF2(c) 

InFjCc) 

^ Value 


AHf^g  (kcal/mole)  Remarks 

-71.8  [212]  [212]  meas.  dH  soln.  of  salts  in  HF.  [209,  211]  meas.  v.p.  [210,  213]  meas.  v.p. 

over  solns.  of  alkali  fluorides  in  HF(t).  [178]  meas.  v.p.  of  HF  over  solns.  of 

, CdF2,  FbF2.  [220]  meas.  v.p.  of  HF  over  solns.  of  FFj.  [105,  164]  meas.  AH  fus. 
[210]  calc.  AH  fus.  [9]  lists  AH  fus.  [214]  gives  thermodyn.  prop.  See  BF^. 


-426.0  [9] 


U [9] 


-30.089®  [102] 


For  the  reaction:  2HF(g)  = (HF)2(g),  [507]  reports  -5<AH<-7.  See  also  [206,  207]. 

See  [206,  207]. 

For  the  reaction:  4HF(g)  = (HF)^(g),  [215]  reports  AH  = -19.  See  also  [206,  207]. 
For  the  reaction:  6HF(g)  = (HF)g(g),  [215]  reports  AH  = -40.  See  also  [206,  207]. 
[20]  est.  AHf^g  = -230. 

[20]  est.  AHf^g  = -350. 

See  [43]  for  Aflf.  [12,  20]  est.  AHf^g  = -435  ± 40. 

[11,  14]  list  D^.  [216]  est.  = “15.  Other  reviews  give  for  AHf|gg: 

14  [17,  25]. 

See  Hg2F2(c). 

[9]  lists  AH  sub. 

[216]  est.  AHfOgg  = -69.5.  [12,  15,  20]  e=t.  -95  ± 10. 

For  the  reaction:  TiF^(g)  + Hg{l)  = + TiF3(c),  [217]  meas.  AH  = -24.4, 

AE  = -11.84,  AS  = -42.1  e.u.  [178]  reports  AFf"^  = -104.5.  [178]  meas.  v.p.  over 

Hg2F2  - HF.  [216]  est.  AHf°gg  = -77.  For  [12,  15,  20]  est.  AHf°gg  = 

-46.0  ± 7.0. 

[12]  est.  AHf°gg  = -395  ± 7. 

[102,  154,  156,  157,  158]  report  or  discuss  D^.  Other  reviews  give  for  AHf^gg: 
-9.59  [25],  -22.5  [17]. 


-202.6®  ± 1.6 
[102] 

-194.6  [218] 
-212.4®  ±1.5 
[102] 

-204.7  [218] 


[218]  meas.  AH  hydr.  [154]  est.  average  bond  energy  ^I-F)  in  IFj.  [219]  calc. 
AH  vap.  [9]  lists  AH  vap.  [155]  lists  general  thermodyn.  prop.  Other  reviews 
give  for  AHfOgg:  -195.1  [17],  -196  [25].  See  IF.j,(g). 

[219]  meas.  v.p.  [220]  meas.  v.p.  of  IF^  - HF.  [220]  meas.  AH  fus.  [9]  lists 
AH  fus. 


-231.7®  ± 1.8 

[102] 


For  the  reaction:  IF,^(g)  = IF^Cg)  + F2(g),  [221]  reports  AH°  = 28.5,  AS°  = 43.5  e.u. 
[154]  est.  average  bond  energy  (l-F)  in  IF.^.  [9]  lists  AH  sub.  [155]  gives  general 
thermodyn.  prop.  [25]  lists  AHfSgg  = -225.1. 


[197]  meas.  D^.  [14,  110]  list  D^.  [547]  calc,  binding  energy. 

[12,  20]  est.  AHf°gg  = -70  ± 5. 

[12]  est.  AHfOgg  = -165  ± 5.  [20]  est.  -160. 

[12,  20]  est.  AHfOgg  = -250  ± 5. 


based  upon  12(g)  s®  standard  state. 
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Compound 

IrF{c) 

IrF2(c) 

IrF3(c) 

IrF^(c) 

IrFjCc) 

IrF^(g) 

IrF^(t) 

IrF^(c) 

KF(g) 

KF(t) 

KF(c) 

KF2(c) 

KF^Cc) 

(KF)2(g) 


(KF)3(g) 

LaF3(o) 

LiF(g) 


LiF(l) 

LiF(o) 


(LiF)2(g) 


AHf^g  (kcal/mole) 


Remarks 


-130  [9] 


-134.46  [9] 


[20]  est.  AHf^g  = -88. 

[20]  est.  AHf°gg  = -140. 

[12]  est.  AHfOgg  = -175.  [20]  est.  -210. 

[20]  est.  4Hf°gg  = -200. 

[222]  calc.  4H  vap.,  AH  sub.  [9]  lists  AH  vap. 

[222]  meas.  v.p.  and  calc.  AH  fus.  [12]  lists  AHf°gg  = -130. 

[222]  meas.  v.p.  and  calc.  AH  trans.  [20]  lists  AHf^g  = -130. 

[11,  14]  list  D . [19]  reviews  sub.and  dissoc.  data.  See  also  [64].  [203]  determined 

bond  energy  (K-F).  [549]  calc,  binding  energy.  [190,  191]  calc.  AH  sub.  [9]  lists 

AH  vap.  [17]  lists  6Hf°gg  = -77.2.  [25]  est.  -81.  See  K2F2(g). 

[140]  meas.  AH  fus.  [9,  19]  list  AH  fus.  [541]  est.  AH  fus.  of  mixtures. 

[194]  correlates  AH  for  reactions:  KF  + MCl(M=Li,  Cs,  etc.).  [195]  reviews  AH  soln. 
[192]  meas.  AH  soln.  in  K.  [190,  191]  meas.  v.p.  [544,  613]  calc,  lattice  energy. 
Other  reviews  give  for  AHf°  g:  -134.46  [20],  -134.5  [12,  15,  17]. 


For  the  reaction:  (KF)2(g)  = 2KF(g),  [189]  reports  ~ 52.3.  For  the  same 

reaction  [190]  reports  AH  = 47.6,  [191]  reports  '^5.  See  also  [512,  543]. 

[546]  calc,  energy  of  dimeriz.  [190,  191]  calc.  AH  sub.  [19]  reviews  sub.  and 
dissoc.  data.  See  F2KRb,  F2KNa. 

[189,  543]  report  ion  intensity  ratios  of  KF  polymers. 


[12,  20]  est.  AHf°  = -421  ± 7.  See  also  [I8I]. 


-79.3  ± 3 [34] 
-80.7  ± 1 [224] 


-146.3  ± 2 [34] 
-146.2  ± 0.3  [622] 
-145.1  [21] 


[11,  14,  33]  list  D^.  [203]  gives  bond  energy  (Li-F).  [190,  191,  224,  225,  226, 

227,  615]  calc.  AH  sub.  See  also  [512,  543]  and  v.p.  meas.  on  LiF(c).  [19,  32] 
review  sublimation  data.  [9]  lists  AH  vap.  Other  reviews  give  for  AHf^gg: 

-77.2  [33],  -77.60  [21],  -78.8  ± 5 [26],  -79.3  ± 3 [24,  25,  28,  37],  -80.2  [17] . 

See  also  Li2F2(g),  Li^F^Cg),  Li^F^(g). 

[230]  reviews  v.p.  [140,  235,  236]  meas.  AH  fus.  [9,  19]  list  AH  fus.  [542]  est. 

AH  fus.  of  mixed  fluorides. 

[622]  (see  also  [II9])  meas.  AH  neutralization  of  HF(aq)  and  LiOH(aq)  and  AH  soln. 
of  LiF(c).  [194]  correlates  AH  for  reactions:  LiF  + MCI  (M=K,  Cs,  etc.).  [232,  233] 

est.  or  meas.  AH  soln.  [234]  meas.  AH  soln.  of  MgF^  and  Li20  in  LiF.  [544,  545,  613] 
calc,  lattice  energy.  [190,  191,  225,  226,  227,  228,  229,  231,  615]  meas.  v.p. 

[38,  233]  correlate  AHf|gg.  Other  reviews  give  for  AHf|gg:  -145.10  [27],  -145.1  ± 1 

[24],  -145.6  ± 2 [12,  20],  -145.7  ± 2 [17],  -146.3  [9,  25,  33],  -146.3±2[l5,  26,  37]. 


-222.6  ± 5 [34]  For  the  reaction:  (LiF)2(g)  = 2LiF(g),  [189]  reports  the  same 

-222.7  ± 3 [224]  reaction,  [190]  gives  ^;^i27°K  ^ ^8.9  ± 2.1;  [I9l]  gives  4E^o60°K  ^ ^ 

[227]  gives  AH^q^^ok  “ 1^546]  calc.  AE.  See  [512].  [191,  226  , 231,  512  , 543] 

meas.  v.p.  [190,  191,  226,-227,  615]  calc.  AH  sub.  [19,  32,  230]  review  vap.  and 
sub.  data.  Other  reviews  give  for  4Hf°gg:  -213.5  ± 7 [24,  27],  -219.2  [33], 

-222.6  ± 5 [25,  37],  -227.2  ± 10  [26].  See  (LiF)^(g),  F2LiNa(g),  F2LiRb(g). 
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Compound 


(LiF)j(g) 


(UF)^(g) 

LuF2(o) 

MgF(g) 


MgF2(g) 

MgF2(l) 

MgF2(c) 


MnF(g) 

MnF2(c) 

MnF^(c) 

MnF^(c) 

MoF2(c) 

MoFj(o) 

MoF^(c) 

MoFj(g) 

MoFj(l) 

MoFj(c) 

MoF^(g) 

MoF^(t) 

MoF^(c) 

M02Fg(c) 

UF(g) 

NF2(g) 


AHf^g  (kcal/mole)  Remarks 

-345-3  ± 8 [34]  For  the  reaction:  (LiF)2(g)=  (LiF)2(g)  + LiF(g),  [226]  reports  4H  = 50.7  ± 2.6.  For 

the  same  reaction,  [190]  gives  38.3  ± 2.3;  [227,  512]  give  50  <AH^Qy2^65.  [227,  512] 

report  for  the  reaction:  (LiF)2(g)  = 3LiF(g),  115  <4H^q,^2<130.  [196]  calc,  binding 

energy.  [189,  213,  512,  543]  obs.  species  abundance.  [190,  226,  615]  meas.  v.p. 
and  calc.  AH  sub.  [230]  reviews  v.p.  data.  [19]  reviews  sub.  and  dissoc.  data. 

Other  reviews  give  for  4Hf°gg:  -339.6  ± 10  [26],  -345-3  ± 8 [25,  37],  -355-5  [33], 
-357.6  [27]. 


[543]  obs.  species  abundance.  [33,  34]  discuss  the  stability. 

[12]  est.  AHfOgg  = -392  ± 7. 

-20.44  [34]  [ll,  14,  33,  34]  list  D^.  [547]  calc,  binding  energy.  Other  reviews  give  for 

AHf^g:  -20  [9,  17,  23],  -20.4  ± 20  [21,  24],  -20.44  [33],  -21  ± 16  [27], 

-41  ± 10  [26],  -43.2  [25]. 


-178.8  ± 6 [37] 
-181.2  ± 2 [224, 
237] 

-264  ±4  [37] 
-268  ± 1.8  [115] 


[224,  237]  calc.  AH  sub.  [9]  lists  AH  vap.  [32]  reviews  vap.  data.  [610]  calc, 
binding  energy.  Other  reviews  give  for  AHf°gg:  -169.7  ± 5 [26], -175. 3 ± 5 [24], 
-177.0  ± 4 [27],  -178.37  [21],  -178.8  ± 6 [36],  -182.8  ± 6 [25,  34],  -182.9  [17]. 

[238]  calc.  AH  fus.  [9]  lists  AH  fus.  See  F^MgNa(t). 

For  the  reaction:  ^^^'2  + Mg  = P6  + MgF2>  [115]  meas.  AH.  [234]  meas.  energy  of  soln. 

of  MgF2  in  LiF.  [224,  237,  238]  meas.  v.p.  [138,  545]  correlate  AHf|gg.  Other 
reviews  give  for  AHf^g:  -262.6  ± 3.2  [27],  -263  ± 1 [12],  -263.5  [9,  20,  33], 

.-263.5  ± 2 [21,  24],  -263.5  ± 5 [26],  -264.0  ± 4 [36],  -266.0  ±2  [15], 

-268.0  [17,  25,  34]. 


[11,  14]  list  D^. 

-189  [9]  [239]  meas.  AH  soln.  Other  reviews  give  for  AHf°gg:  -190  ± 6 [15] , -190  ± 5 

[12,  17,  20]. 


[12,  20]  est.  AHf°gg  = -238  ± 5.  [15]  gives  -238  ± 7. 

[12,  20]  est.  AHfOgg  = -230  ± 7. 


-382  [17] 
-372.35  ± 0.22 

[241] 

-388.6  [405] 


[20]  est.  AHf^g  = -256. 

[240]  calc.  AH  vap. 

[240]  meas.  v.p. 

[20]  est.  AHfOgg  = -335- 

[241]  meas.  AH  of  direct  combination  of  the  elements.  See  [43].  [222]  calc.  AH  vap. 

and  AH  sub.  [242]  est.  AH  vap.  [9]  lists  AH  vap.  and  AH  sub. 

[405]  meas.  AHf^g  by  soln.  calorimetry.  [242]  meas.  AH  fus.  [222]  meas.  v.p.  and 
calc.  AH  fus.  [9]  lists  AH  fus.  [15,  20]  est.  AHf°gg  = -405. 

[242]  meas.  AH  trans.  [222]  meas.  v.p.  and  calc.  AH  trans. 


[24,  27]  est.  AHf°gg  = 58.6  ± 10.  [243]  est.  62.4  ± 4-2.  [25]  est.  63.  See  NF^Cg), 
NF3(g). 

8.9  [244,  550]  From  studies  of  the  equilibrium:  N2F^  = 2NF2,  [244,  550]  calc.  AH  = 19.8  ± 0.8. 

9.8  [243]  [243]  finds  21.5.  [25]  est.  AHfg  = 17.  See  N2F^(g). 
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C onpound 


AHf^g  (kcal/mole) 


Remarks 


NF2(g) 


-3(0 

NF3(c) 

trans) 


*^2^2^^’  trans) 
NjFjCg,  active)'^ 

N2F2(A>  active)^ 

N2F^(g) 

N2F^(t) 

NjFCg) 

NaF(g) 

NaF(t) 

NaF(c) 


(NaF)2(g) 


(NaF)3(g) 

(NaF)^(g) 

NBFj(g) 


-27.2  [9]  For  the  reactions:  NF3(g)  + 4NH3(g)  = 3NH^F(c)  + N2(g),  and  NF3(g)  + 3/2H2(g)  = 

-29.7  ± 1.8  [47]  l/2N2(g)  + 3HF(aq),  [47]  meas.  AH  = -259.5  ± 1.0  and  -205.3  ± 3-2  respectively. 

[243>  551]  discuss  dissoc.  by  electron  infiact  and  give  bond  energies.  [246]  meas. 
AH  vap.  [245]  calc.  AH  vap.  [9]  lists  AH  vap.  Other  reviews  give  for  AHf^g: 

-26  [12],  -27.2  [22],  -29  [25],  -29.7  ± 1.8  [27,  28]. 

[245,  246]  meas.  v.p.  [246]  meas.  AH  fus. 

[246]  meas.  AH  trans. 


19.4  ± 1.3  [247] 
^19  ± 20  [243] 


16.4  ± 1.2  [247] 
219  ± 20  [243] 


For  the  reaction:  NjFgCg)  + = 2NH^F(c)  + 4/3N2(g),  [247]  meas. 

AH  = -211.7  ± 0.2.  [243]  mass,  dissoc.  by  electron  impact  and  gives  D(FN=NF). 

[248]  meas.  equil.  (active  = trans)  and  calc.  AH  = 27.5.  [247]  recalc.  AH  to  be  2.1. 

[248]  calc.  AH  vap. 

[248]  meas.  v.p. 

See  N2F2(g,  trans).  For  the  same  reaction  with  NH3(g),  [247]  meas.  AH  = -209  ± 0.02. 
[243]  meas.  dissoc.  by  electron  impact.  [248]  calc.  AH  vap. 

[248]  meas.  v.p. 


-2.0  ± 2.5  [250]  For  the  reaction:  N2F^(g)  + l6/3NH3(g)  = 4NH^F(c)  + 5/3N2(g),  [250]  meas. 

AH  = -383.1  ± 0.2.  [243,  244,  249,  552]  meas.  F2N  - NF2  bond  dissoc.  energy. 

[251]  calc.  AH  vap. 

[251]  meas.  v.p. 


-69.2  [17]  [11,  14]  list  D^.  [203]  reports  D^.  See  also  [64].  [190,  191,  227,  253,  512]  calc. 

AH  sub.  [121,  144,  253]  calc.  AH  vap.  [9]  lists  AH  vap.  and  AH  sub.  [19]  reviews 

sub.  and  dissoc.  data.  Other  reviews  give  for  -67.00  [21,  27],  -68.7  [25], 

-68.9  ± 2 [26],  -72  [9].  See  (NaF)2(g),  (NaF)3(g),  (NaF)^(g),  BeF3Na(g). 

[608]  calc.  AF  hydr.  [121,  144,  253]  meas.  v.p.  [l24,  553]  meas.  AH  fus.  [254,  255] 

calc.  AH  fus.  [9,  19]  list  AH  fus.  See  AlFgNa3(t),  F3MgNa(l). 

-136.0  [9]  [259]  gives  AH  for  the  reaction:  3NaF  + 2AI2O3  = 3NaA102  + AIF3.  [194,  257] 

-136.3  [256]  correlate  AH  for  exchange  reactions:  NaF  + MX.  [256]  meas.  AH  soln.  in  HCl(aq). 

[258]  meas.  AH  soln.  in  water  Aiid  HCIO,  (aq).  [212]  meas.  AH  soln.  in  HF(t).  [192] 

4 

meas.  AH  soln.  in  Na.  [195]  correlates  AH  soln.  and  hydration.  [514]  ineas.  e.m.f. 
of  Al-NaF  electrode.  [544,  613]  calc,  lattice  energy.  [190,  191,  227,  253,  512] 
mieas.  v.p.  [38,  138,  545]  correlate  AHf|gg.  Other  reviews  give  for  AHf^g: 

-136.0  [20],  -136.0  ± 0.2  [12],  -136.17  ± 0.3  [175],  -136.3  [17,  21,  25,  26,  27], 
-136.5  ± 0.5  [15].  See  NaF(aq),  F2HNa(c),  FgNajU(c),  SiF^(g). 


-197.5  ± 4 [26]  For  the  reaction:  (NaF)2(g)  = 2NaF(g),  [190]  reports  ffl;^170°K  ^ 

®1098°K  ""  ^121°K  ^ I^^52]  gives  ®’-®° 

[512,  554].  [512]  compares  AH  dissoc.  of  Na2F2>  ^^^2’  *^2^2'  [546]  calc,  dissoc. 

energy.  [19]  reviews  dissoc.  and  sub.  data.  [189,  190,  191,  227,  252,  512,  543, 
554]  meas.  v.p.  or  obs.  species  abundance  in  vapor.  [190,  191,  227,  512]  calc.  AH 
sub.  Other  reviews  give  for  -197.5  [25].  See  (NaF)^(g),  F2LiNa(g), 

F2KNa(g). 


For  the  reaction:  (NaF)^(g)  = (NaF)2(g)  + NaF(g),  [252,  554]  report  AE  = 86.5. 

[196]  calc,  binding  energy.  [189,  512,  543]  obs.  species  abundance  in  vapor. 

[543]  obs.  species  abundance  in  vapor. 

[260]  calc.  ^ sub.  [260,  261]  calc.  AH  vap.  [9]  lists  ^ vap. 


b 


"active”  ^2^2  been  identified  by  some  workers  as  cis— 1>2— difluorodiazine 


and  by  others  as  1 ,1-difluorodiazine . 
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Compound 

(kcal/mole 

Remarks 

NLF5(t) 

[260,  261]  meas.  v.p.  [242]  meas.  AH  fus.  [260]  calc.  ^ fus. 

NbFj(c) 

-432  [405] 

[405]  meas.  ^^"298  reports  ^^"298  ~ [260,  261]  meas.  v.p.  [20]  est. 

NdFj(c) 

AHf093  = -342. 

[12,  20]  est.  AHfOgg  = -410±  7. 

NiF2(g) 

[262]  calc.  4H  sub.,  4S  vap. 

NiF2(t) 

NiF2(o) 

-159.5  [9] 

For  the  reaction:  NiF2(o)  + H2(g)  = Ni(c)  + 2HF(g),  [263]  meas.  = 30.06. 

NpF^(o) 

For  the  reaction:  NiCl2(c)  + 2HF(g)  = NiF2(c)  + 2HCl(g),  [264]  meas.  AF.  [262]  1 

v.p.  Other  reviews  give  for  AHf^^g:  -156  ± 2 [17],  -158  [12,  15,  20]. 

[9,  15,  20]  est.  AHf°gg  = -360  ± 8.  [555]  est.  -360  ± 2. 

NpF^(c) 

[9,  20]  est.  AHfOgg  = -428.  [555]  est.  -428  ± 3. 

NpFj(o,a) 

[20]  est.  = -467.  [555]  est.  -467  ± 3. 

NpF^(g) 

[265]  calc.  AH  sub.  and  AH  vap.  See  v.p.  studies  for  NpFg(t,c).  [555]  est. 

NpF^(l) 

AHfOgg  = -463  ± 3. 

[265>  267]  meas.  v.p.  [265,  266]  calc.  ^ f^as. 

NpF^(c) 

[265,  266,  267]  meas.  v.p.  [20]  est.  AHfOgg  = -472. 

0F(g) 

[14]  lists  D^.  [80,  268,  556]  est.  D . [25]  est.  AHf°  g = 26.6.  [24,  27]  est. 

OF^ig) 

+7.6  ± 2 [102] 

32.4  ± 10. 

[76,  80,  268,  557]  give  dissoo.  energy.  [9]  lists  AH  vap.  [75]  gives  thermodyn. 

prop.  Other  reviews  give  for  AHfo^g:  5*5  [9,  24],  7 ± 2 [12],  7.6  ± 2 [25,  28]. 

[270]  meas.  v.p. 

CfF^(g) 

02F(g) 

For  the  reaction:  F02(g)  = F(g)  + 20(g),  [271]  est.  AH°gg  <100. 

°2^2(g) 

+4.73  ± 0.3  [273] 

[272]  est.  AH  vap.  and  calc.  AHf^gg  = 4.65.  [l]  discusses  dissoc.  energy.  [558] 

02F2(i) 

lists  AHf°  = 16.0. 

For  the  reaction:  02F2(i)  = 0^(g)  + F2(g),  [273]  meas.  AE. 

03F2(g) 

+6.24  ± 0.75 

[272]  est.  AH  vap.  and  calc.  AHf°gg  = +6.18.  [558]  est.  AHf°gg  = -24.1. 

03F2(t) 

[273] 

For  the  reaction:  03F2(t)  = , [273]  meas.  AE. 

04F2(g) 

04F2(t) 

[274]  meas.  v.p. 

05F2(g) 

[558]  est.  AHfOgg  = -53.6. 

0eF2(g) 

0sF2(o) 

[20]  est.  AHf^g  = -100. 

CJ 

to 

O 

[20]  est.  AHf^g  = -150. 

0sF4(o) 

[12]  est.  AHf°gg  = -180.  [20]  est.  -200. 

03Fj(g) 

[240]  calc.  AH  vap. 

OsFj(l) 

[240]  meas.  v.p. 

OsF^(g) 

[222]  calc.  AH  vap.  and  AH  sub. 

OsF^(l) 

[222]  meas.  v.p.  and  calc.  AH  fus. 
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TABLE  2.  BINARY  FLUORIDES  (continued) 


Coii5)ound  '®^298 

Remarks 

OsF^(c) 

[222]  meas.  v.p.  and  calc.  AH  trans.  [12,  20]  est.  AHf°gg  = -225. 

OsFg(g) 

OsFgU) 

[9]  lists  AH  vap. 

OsFg(c) 

[12]  est.  AHf°gg  = -240.  [20]  est.  -300. 

PF(g) 

[275]  calc.  D(P-F).  [25,  26,  27]  est.  AHf°gg  = -17  ± 15. 

PF2(g) 

[26,  27]  est.  AHf°gg  = -109  ± 15-  [25]  est.  -120. 

PP3(g) 

PF^Ct) 

[lO]  lists  AH  soln.  in  KOH(aq).  [26]  calc.  AHf^gg  = -220.7  ± 10,  based  on  corrected 
soln.  data  reported  in  [10].  [275,  566]  est.  (P-F)  bond  energy.  [2]  lists  v.p. 
studies.  [9]  lists  AH  vap.  [20]  est.  AHf^g  = -170.  [4]  est.  -189.  [25,  27]  list 
-220.7  ± 10. 

PP5(g)  -381.4  ± 0.4  [40] 

PFjU) 

PFjCo) 

[40]  meas.  AH  for  direct  combination  of  the  elements.  [276]  meas.  AHf°gg.  [9]  lists 
AH  sub.  and  AH  vap.  [25]  est.  AHf^g  = -420.  [38]  est.  -315. 

[9]  lists  AH  fus. 
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TABLE  2.  BINARY  FLUORIDES  (continued) 


Compound 

PaFjCc) 

PaF^(c) 

PaFj(c) 

PbF(g) 

PbF2(g) 

PbF^Ct) 

PbF^Cc) 


PbFj(c) 

PbF^(c) 

PdF2(c) 

PdFj(c) 

PmF^(c) 

PrFj(c) 

PrF^(c) 

PtF(c) 

PtF^Cc) 

PtF^(o) 

PtF^(c) 

PtFj(c) 

PtF^(o) 

PuFjCg) 

PuFj(t) 

PuFjCo) 

PuF^(g) 

PuJF^U) 

PuF^(c) 


AHf°gg  (kcal/mole) 


Remarks 


[106]  est.  ^5®298  “ from  consideration  of  the  high  temp,  reaction: 

PaF^(c)  + 2Ba(g)  = Pa(c)  + 2BaF2(g) • [277]  gives  chem.  properties. 

[11,  U]  list  Dq.  [279,  559]  report  D^.  [17]  lists  AHf°gg  = -27  ±9. 

[280]  calc.  AH  sub.  [9]  lists  AH  vap. 

[281]  meas.  AH  fus.  [9]  lists  AH  fus. 

-158.9  [9]  [115,  119]  meas.  AH  for  reaction:  3/2  PbF^Cc)  + Al(c)  = AlFg(c)  + 3/2  Pb(c) . 

[115]  meas.  AH  for  the  reaction:  PbFjCc)  + Mg(c)  = MgF2(c)  +,Pb(c). 

[116]  (see  also  [118])  meas.  AH  for  the  reaction:  3/2  PbF2(c)^  + Al(c)  + 3NaF(c)  = 
3/2  Pb(c)  + NagAlFg(c).  [178]  reports  AFf  = -149-3.  [282]  studied  thermodyn. 
properties  and  obs.  transition.  [280]  meas.  v.p.  [178]  meas.  v.p.  of  system: 

PbF^  - HF.  Other  reviews  give  for  AHf°gg:  -158  ±2  [12],  -158.5  [20], 

-158.5  ±0.8  [15].  See  ClFPb(c) . 

-222.3  [9]  Other  reviews  give  for  AHf°gg:  -222  ±2  [12,  20],  -222.3  ±2.5  [15]. 

[12,  15,  20]  est.  AHf|gg  = -112  ±10. 

[12,  20]  est.  AHf°gg  = -122  ±20. 

[12]  est.  AHf°gg  = -408  ±7. 

For  the  reaction:  PrFg(c)  + l/2  “ PrF^(c),  [283]  est.  AF  = -72  ±24. 

[12,  20]  est.  = - 413  ±7. 

[283]  est.  AFf°^g  = -454  ±21.  See  PrFg(c) . 

[20]  est.  AHf|gg  = -82. 

[23]  est.  AHfo^g  = -135- 
[20]  est.  AHf^g  = -190. 


[284]  meas.  v.p. 

[128,  286,  287,  560]  calc.  AH  sub.  See  v.p.  studies  on  PuFg(c) . [286,  560] 
calc.  AH  vap.  [9]  lists  AH  sub.  and  AH  vap.  [IO6]  compares  AS  sub.  with  that 
of  AmFg. 

[289,  561,  571]  meas.  AFf^^^yg^j^  = 93.  [286,  56O]  meas.  v.p.  and  calc.  AH  fus. 

See  ITFg(o)  , DF_j^(^)  . 

-375.0  ±3  [15]  [288]  reports  AH  pptn.  of  PuFg.  [290,  291]  studied  the  equilibrium:  3PuF^  ± PUO2  = 

-375  [288]  4PuFg  ± 0^.  For  this  reaction  [290]  reports  ~ 14.8  and  ^^g00°K  ~ 

[126,  127,  128,  286,  287,  560]  meas.  v.p.  [20]  lists  AHf°gg  = -374.6.  See  PuF^(c) . 

[562]  lists  AH  sub.  and  AH  vap.  See  also  [563]. 

For  the  reaction:  3PuF^  + PuO^  = 4PuFg  ± 0^,  [290]  meas.  ^298°K  ~ 

^1000°K  ~ '^^298°K  “ ^^1000°K  ~ basis,  [106] 

reports  AHf°2gg  = -400.  [291]  discusses  relative  stabilities  of  PuFg,  PuF^,  PuF^. 

[148,  506]  meas.  v.p.  [562]  lists  ^^|gg  = -424  ±4.  (See  also  [563]).  [20]  lists 
-424.  See  PuFj(c),  PuFg(g). 
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TABLE  a-:  BINARY  FLUORIDES  (continued) 


Compound 


AHf^g  (kcal/mole) 


Remarks 


PuF5(g) 

PuFjCo) 

1^6  (g) 

PuF^(l) 

PuF^(c) 

RaF^Co) 

RbF(g) 


RbF(l) 

RbF(c) 


RbFjCc) 

(RbF)2(g) 


(RbF)^(g) 

ReF^(c) 

ReF^(c) 

ReF^(g) 

ReFjCt) 

ReFj(c) 

ReF^(g) 

ReF^(t) 

ReF^(c) 

ReF^(g) 

ReF^(o) 

RhF(c) 

RhF^Cc) 

RhF^(c) 

RhF^(c) 

RhFj(c) 


[562]  lists  AHf|gg  = -453  ±5  (est.)  . See  [563]. 

[291]  discusses  relative  stabilities  of  PuF_(c),  PuF,  (c),  and  PuF, (c)  . 

J5  4 5 

For  the  reaction:  PuF^(c)  + F^Cg)  = PuF^(g) , [292]  meas.  AH  = 6.09»  [294]  meas.  8.3. 
[2o5j  293]  calc.  AH  sub.  and  AH  vap.  See  v.p.  studies  for  PuF^(c) . 

[265,  293]  meas.  v.p.  [265,  266,  293]  calc.  AH  fus. 

[265,  293,  295]  meas.  v.p. 


[12,  20]  est.  = -287  ±3. 

-77.7  [17]  [11,  14]  list  Dq.  [55,  64]  report  dissoc.  energy.  [190,  19l]  give  species 

abundance  and  calc.  AH  sub.  See  v.p,  studies  for  RbF(c) . [9]  lists  AH  vap. 

See  v.p.  studies  for  RbF(t)  . [25]  est.  ^^^^98  ~ (RbF)^,  FgRbZr^, 

F^Rb^Zr. 

[228,  229]  meas.  v.p.  [193,  296]  meas.  AH  fus.  [9,  19]  list  AH  fus. 

-131.28  [9]  [194]  correlates  AH  for  the  exchange  reactions:  RbF(c)  + MCl(c)  (M  = Li,  K,  Na,  Cs) . 

[195]  reviews  heats  of  solution  and  hydration.  [544,  6I3]  calc,  lattice  energy. 

[190,  191,  228,  229]  meas.  v.p.  [545]  correlates  AHf.  Other  reviews  give  for 

AHf|gg:  -131.3  ±2  [15],  -133.2  [12,  20]. 


For  the  reaction:  (RbF)2(g)  = 2RbF(g)  , [190]  calc.  ~ '^^.O  ±6j  [l89,  512] 

calc.  ^ix21°K  ~ '^^•3  =*^3.0;  [546]  calc.  AH.  [512]  compares  dimerization  energy 
of  RbF  with  those  of  KF,  CsF,  LiF.  [19]  reviews  dissoc.  and  sub.  data. 

[190]  calc.  AH  sub. 

[189]  meas.  species  abundance. 

[20]  est.  AHfOgg  = -170. 

[12]  est.  AHfOgg  < -186.  [20]  est.  -220. 

[240]  calc.  AH  vap. 

[240]  meas.  v.p. 

[12,  20]  est.  AHf|gg  = -225  ±15. 

-273  [9]  [222]  calc.  AH  sub.  and  AH  vap.  See  v.p.  studies  for  ReF^(c) . [9]  lists  AH  vap. 

[17]  lists  ReF^(g)- 

-278  ±3  [12]  [222,  297]  meas.  v.p.  [222]  calc.  AH  fus.  [9]  lists  AH  fus.  Other  reviews  give 

for  ^^Hf|gg:  -278  ±12  [15],  -278  [20]. 

[222,  297]  meas.  v.p.  [222]  calc.  AH  trans. 

[297]  discusses  the  reactions:  ReF^(g)  ± i'F2(g)  = ReF^(g)  , and  6ReF^(g)  ± 

Re(c)  = 7ReF^(g)  . 

[297]  meas.  v.p. 


[12]  est. 

AHf|gg  = -110  ±10. 

[20]  est. 

-117, 

[12]  est. 

AHfOgg  = -160  ±20. 

[20]  est. 

-175. 
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TABLE  2.  BINARY  FLUORIDES 


(continued) 


Compound 

AHf°gg  (kcal/mole) 

Remarks 

RuF^(c) 

[20]  est.  AHfOgg  = -180. 

RuF^(c) 

[20]  est.  4HfOgg  = -230. 

RuFj(o) 

[20]  est.  AHfOgg  = -300. 

RuF^(o) 

RuFg(c) 

SF(g) 

[25,  26]  est.  4Hf|gg  = -1  ±10.  See  also  [300]. 

SFjCg) 

[25,  26]  est.  4Hf|gg  = -68  ±10.  See  also  [300]. 

SF^(g) 

-171.7  ±2.5  [298] 

[298]  meas.  AH  of  the  reaction  with  [299]  calc.  AH  vap.  [9]  lists  AH  vap. 

See  v.p.  studies  on  SF^(l) . [25]  est.  AHf°gg  = -156.  See  also  [300]. 

SF^(l) 

[299,  564]  meas.  v.p. 

SFjCg) 

For  the  reaction:  SF^(g)  + Na(g)  = SFj(g)  + NaF(g)  , [3OO]  states  AH  = -37. 

SF^(g) 

-262  [9] 

[568]  meas.  AH  of  the  direct  combination  of  the  elements.  See  also  [39>  30l]. 

-288.5  ±0.7  [568] 

[9]  lists  AH  sub.  and  AH  vap.  See  v.p.  studies  on  SFg(^-)  . Other  reviews  give 
for  -262  [22,  25],  -262.0  ±0.4  [15],  -277.5  [12],  -288.5  [27],  -289  [17], 

SFsCt) 

[303,  304,  305]  meas.  v.p.  [9]  lists  AH  fus. 

SF^(c) 

[9]  lists  AH  trans. 

[25,  26]  est.  AHfOgg  = -63  ±10. 

S2Fio(g) 

-485  [12] 

[9]  lists  AH  vap. 

S2F,o(t) 

-492  [12] 

SbF(g) 

0 [9] 

[11,  14]  list  Dq. 

SbF^(c) 

-217.2  [9] 

Other  reviews  give  for  AHf|gg:  -216.6  [12,  20],  -217.2  ±4.0  [15]. 

SbFj(g) 

[306]  calc.  AH  vap.  See  v.p.  studies  for  SbFj(t) . 

SbFj(t) 

[306,  307]  meas.  v.p.  [20]  est.  AHf|gg  =-305. 

Sb/g(c) 

SbgF^^(c) 

Sb/ii(c) 

SbjF^y(c) 

Sb/2o(=) 

ScF^(c) 

[12,  20]  est.  AHf°gg  = -367  ±7. 

SeF^(g) 

[308]  calc.  AH  vap.  See  v.p.  studies  for  SeF^(t) . 

SeF^(t) 

[308,  565]  meas.  v.p. 

SeF, (c) 
4 

[308]  meas.  v.p. 

SeFg(g) 

-246  [9] 

[9]  lists  AH  vap.  and  AH  sub.  Other  reviews  list  for  AHf°-a=  -246  [12,  17,  20], 

<yO 

-246.0  ±3  [15]. 

SeF^(t) 

[9]  lists  AH  fus. 

SeF^(c) 

Se2F2(g) 
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(continued) 


Compomd 

AHf|gg  (kcal/mole) 

Remarks 

SlF(g) 

[11,  12,  14]  list  Dq.  [204]  est.  Do.  [309]  reports  Dq.  [21]  lists  4Hf°gg  = 2.20. 
[26]  lists  9.2.  [25,  27]  list  10.3. 

31^2(8) 

For  the  reaction:  6AlF(g)  + 3SlC(c)  = Al^C^Cc)  + 3SiF2(g)  + 2Al(t)  . [II4]  reports 
^1150-1200  ^ '^98  "" 

SlF^(g) 

[26]  est.  AHf°gg  = -246  ±10.  [25]  est.  -249. 

SlF^(g) 

-370  [9] 

-370.8  [310] 
-372.4  ±0.4  [311] 

[310]  meas.  AH  for  reactions  of  SiF^(g)  with  (HF  + HCl)  (aq)  and  HCl  (aq)  . [311] 

meas.  AH  for  reactions  of  SlF^(g)  with  Na(o) , HF  (aq)  , and  H2O.  [312]  meas. 

K (200°-800°)  for  the  equilibrium:  SIF,  (g)  + 2H„0(g)  = SiO_(c)  + 4HF(g)  . 

4 -t  <c 

[612]  calc.  AF  for  reaction  with  CaHj  to  form  CaF^  and  SiH^.  [313]  lists 
AF13000JJ  several  reactions.  [314]  calc.  AH  for  several  reactions. 

[201]  compares  AHf  of  Ge  and  SI  halides.  [9]  lists  AH  vap.  and  AH  sub.  Other 


reviews  give  for  AHf°gg:  -360  ±2  [12],  -370.8  [20],  -372.5  [17],  -372.9 
[21,  25,  26,  27],  -374.0  ±6.0  [15].  See  F^H^N2Si(c),  F^Na2Si(c) , 

AIF^Na^(t). 


SiF^(l) 

SiF^(c) 

[135]  meas.  AH  fus.  [9]  lists  AH  fus. 

Si2F6(g) 

[9]  lists  AH  sub.  and  AH  vap. 

Si2F6(l) 

Si2F6(c) 

[9]  lists  AH  fus. 

SmF2(c) 

[20]  est.  AHfOgg  = -237.  [12]  est.  -290  ±7. 

SmF^(c) 

[12,  20]  est.  AHf|gg  = -405  ±7. 

SnF(g) 

[11,  U]  list  Dq.  [25]  lists  4Hf|gg  = 0. 

SnF2(c) 

[12,  20]  est.  4Hf°gg  = -158  ±4.  . 

SnF^(c) 

[20]  est.  AHf°gg  = -259. 

SrF(g) 

-5  [9] 

[11,  14]  list  Dq.  [547]  calc,  binding  energy. 

SrF2(t) 

[140]  meas.  AH  fus.  [9]  lists  AH  fus. 

SrF2(c) 

-290.3  [9] 

[139]  reports  AH  reac.  for  SrF2  + CaCl2  and  other  reactions.  [315]  calc.  AFf® 
and  ASf°.  [138]  correlates  AHf.  Other  reviews  give  for  AHf°gg:  -289.0  ±0.1 

[12,  20],  -289.0  ±0.4  [15]. 

TaF2(c) 

[20]  eat.  AHf^gg  = -180. 

TaFj(c) 

[20]  est.  AHf|gg  - -260. 

TaFj(g) 

[261]  calc.  AH  vap.  [9]  lists  AH  vap. 

TaFj(l) 

[261]  meas.  v.p. 

TaFj(c) 

[12]  est.  4Hf|gg  = -300.  [20]  est.  -36O. 

TbF^(c) 

[12]  est.  AHf°gg  = -400  ±7. 

TcF3(c) 

[20]  est.  AHf|gg  = -190. 

T.cF^(c) 

[20]  est.  AHfOgg  = -250. 

TcFg(c) 

[20]  est.  AHfOgg  = -270. 

TcF^(o) 

[20]  eat.  AHf°gg  = -300. 
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Cc*pound 


TeF^(g) 

TeF^(t) 

l9F^(o) 

TeF^(g) 

TeF^(t) 

TeF^(c) 

ThF^(o) 

ThF^(g) 

ThF^(t) 

ThF^(c) 


TlF(g) 

TiFgCg) 

TiF^Cc) 

TiF^(g) 

TiFj(t) 

TlFjCc) 


TlF^(g) 

TlF^(c) 

TIF(g) 

TlF(c) 


TlF^(c) 


(TIF)2(g) 

TiiiFj(c) 

DF3(g) 

UF^(t) 

UFj(c'i 


AHf^g  (kcal/mole) 


Remarks 


[316]  calc.  AH  vap.  and  AH  sub. 

[316]  meas.  v.p.  and  calc.  AH  fus. 

[316]  meas.  v.p.  [20]  est. 

-315  [9]  [9]  lists  AH  vap.  and  AH  sub.  Other  reviews  give  for  AHf^gg:  -315  [12,  17,  20], 

-315.0  ±3.0  [15]. 

[9]  lists  AH  fus. 

[9]  lists  AH  trans. 

[317]  calc.  AH  vap. 

[317]  meas.  v.p. 


[20]  est.  AHfOgg  = -355- 

[319]  calc.  AH  sub.,  AH  vap.  See  F^OTh. 

[319]  meas.  v.p. 

-482.4  [318]  For  the  equilibrium:  ThF^(c)  + SiO^Cc)  = ThO^Cc)  + SiF^(g) , [318]  found 

AF  = -459.9.  See  [43]  for  AHf.  [319]  meas.  v.p.  [9,  20]  est.  AHfo^g  = -477. 
[12]  est.  -477  ±10.  [15]  est.  -477  ±15.  See  F^HC^Th(o) , F^HjOj^^ThCc) . 

[11]  lists  Dq. 


-392.5  [568] 

-33  [9] 

-74.0  ±1.5  [15] 

-136.9  ±2.5  [15] 
-136.9  [131] 


[25,  26,  27]  est.  AHfOgg  = -132  ±10. 

[114]  reports  ^ix50-1200  ~ ^98. 5 for  the  reaction:  6AlF(g)  + 3SiC(c)  = Al^C^Cc)  + 
3TiF2(c)  + 2Al(t).  [9,  12,  20]  est.  AHf|gg  = -198  ±15.  [26,  27]  est.  -218.0  ±5. 

[25,  26  , 27]  est.  'Mflgg  = -255.3  ±10. 

[27]  lists  ^ -324.078. 

For  the  reaction:  TlF^(g)  + Hg(t)  = Hg^F^Cc)  + TiF^(c)  , [217]  meas.  AH  = -24-4, 
and  est.  AHf|gg  [TlF^(c) ] - AHf|gg  [TiF^Cc)]  = -57.3.  [9,  12,  20]  est. 

AHf|98  = -315  ±15.  [26,  27]  est.  -335  ±3. 

[320]  calc,  ah  sub.  [25,  26,  27]  list  AHf°gg  = -369.6  ±2.  See  TiF^(c) . 

[568]  meas.  AH  for  the  reaction:  Ti(c)  + 2F^(g)  = TiF^(o) . See  also  [39,  43,  30l]. 
[320]  meas.  v.p.  [9,  12,  15,  20]  est.  AHf|gg  = -370  ±20.  [26,  27]  list  -392.5  ±0.1. 

[278]  meas.  Dq  and  est.  AHf.  [llO]  meas.  Dq.  [14]  lists  Dq.  [547]  calc,  binding 
energy.  [32l]  calc.  AH  sub. 

[56]  meas.  AH  soln.  [569]  calc,  lattice  energy.  [321]  meas.  v.p.  Other  reviews 
list  for  -65  ±5  (est.)  [12,  20],  -74  ±5  [17]. 

[131]  meas.  AH  hydr.  = -8.4.  Other  reviews  est.  for  AHf°gg:  -175  ±10  [12,  20]. 


[12]  est.  AHf|^g  = -391  ±7. 

[569]  est.  AH  sub.  and  AH  vap. 

[569]  est.  AH  fus. 

-357  [9]  [289]  determined  K for  the  equilibrium:  l/3  Pu(*-)  + l/3  DF^(c)  = 

1/3  PuF^(t)  + 1/3  u(t).  [20]  est.  AHf°gg  = -340.  [569]  lists  -357  ±4. 
[15]  lists  -357. 
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(continued) 


C ompound 
DF^(g) 

UF^(c) 

nFj(g) 

DFjCt) 

OFj(c) 

UFg(g) 


UF^(!.) 

UF^(o) 

U^F^^(o) 

VF^Cc) 

VF^(c) 

VF^(c) 

VFjCg) 

VFj(i) 

VFjCc) 

WF^(c) 

WFjCc) 

WF^(g) 

WF^(0 

WF^(c) 

YFjCo) 

YbF^Cc) 

YbF^(c) 


AHf^gg  (kcal/mole) 


Remarks 


-443  [9] 


-488  [9] 

(a)  -483.7  ±1.3  [323] 
(B)  -485.2  ±1.4  [323] 

-505  [9] 


-517  [9] 


-933.8  ±3  [323] 
-1820.5  ±4  [323] 


-416  [405] 


[570]  calc.  4H  sub.  [9>  569]  list  AH  sub.  and  AH  vap.  See  DF, (t),  UF, (0)  for 

4 4 

v.p.  studies. 

[289)  detd.  K for  the  equilibrium:  = 1/^PuF^ (^')  + U(t)  . [322]  meas. 

v.p.  See  also  [329].  [569]  reviews  v.p.  data  and  lists  AH  fus. 

[325]  studied  free  energy  changes  in  the  reaction  DF^(c)  and  O2.  [326]  studied 
K for  the  equilibrium:  DF^(g)  + H2(g)  = DF^(c)  + 2HF(g)  . [323]  studied  equilibria 
in  the  disproportionation  of  intermediate  U-F  compds.  [324j  572]  review 
thermodynamic  data  and  calc.  4F  for  several  reactions.  [329>  570]  meas  v.p. 

[328]  meas.  AH  trans.  Other  reviews  list  for  AHf°gg:  -443  [15>  17,  20] , 

-U3  ±3  [569],  -443.5  ±2  [323].  See  F^Hj05/2U(c)  , DF^. 

[330]  calc.  AH  sub.  and  AH  vap.  [569]  est.  AH  sub.  and  AH  vap. 

[330]  meas.  v.p.  and  calc.  AH  fus.  [569]  est.  AH  fus. 

[323]  meas.  disproportionation  equil.  of  DFj(c,  a)  and  UFj(c,  6).  From  a study 
of  the  disproportionation  equilibrium:  2DFj(c)  = UF^(c)  + UF^^Cg),  [327]  calc. 

AH  = 15.53.  [330]  meas.  v.p.  Other  reviews  give  for  4Hf|gg:  -488  [15,  20,  569]. 

See  [43]  for  AHf°.  [33l]  meas.  AH  sub.  and  AH  vap.  [265,  332,  333]  calc.  AH  sub. 
and  AH  vap.  [9,  569]  list  AH  sub.  and  AH  vap.  See  also  UFg(c)  for  v.p.  studies. 
[334]  calc,  thermodyn.  prop,  and  compares  with  calorimetric  values.  [335]  gives 
a general  review  of  thermodyn.  prop.  Other  reviews  give  for  AHf°gg: 

-504  ±3  [323],  -505  [25,  569].  See  UF^,  UF^,  U^Fg,  U^F^^,  F202U,  F^NaU, 

FgNaU,  FgNaD,  FgNagU,  FgHa^U. 

[332,  333]  meas.  v.p.  and  AH  fus.  [266]  calc.  AH  fus.  [331]  correlates  v.p. 
and  AH  fus.  [336]  correlates  v.p.  [9,  569]  list  AH  fus.  See  [335]. 

[265,  332,  333,  337,  338]  meas.  v.p.  [331]  correlates  v.p.  Other  reviews  list 
for  AHf°gg:  -516  [20].  See  [335]  for  a review.  See  F^^H^O^UCaq)  . 

[323]  meas.  disproportionation  pressure  of  DFg(g)  over  ^2^9" 

[323]  meas.  disproportionation  pressure  of  DFg(g)  over  U^F^y(c)  . 

[12]  est.  AHf|gg  = -180  ±20.  [20]  est.  -200. 

[20]  est.  4HfOgg  = -271.  [12]  est.  -285  ±30. 

[12,  20]  est.  AHf°gg  = -325  ±30. 

[339,  340]  calc.  AH  vap. 

[339,  340]  meas.  v.p.  [340]  calc.  AH  fus. 

[340]  meas.  v.p.  fl2,  20]  est.  AHf|gg  = -335  ±20. 

[20]  est.  AHf|gg  = -250. 

[20]  est.  AHfOgg  = -280. 

[405]  reports  AHf^g  on  the  basis  of  solution  calorimetry.  [222,  341]  calc. 

AH  vap.  [222]  calc.  AH  sub.  [20]  est.  AHfOgg  = -300.  [17]  lists  -416. 

[405]  reports  4Ff|gg  =-397.  [222,  34l]'meas.  v.p.  [222]  calc.  AH  fus. 

[9]  liats  AH  fus. 

[222]  meas.  v.p.  and  calc.  AH  trans.  [9]  lists  AH  trans. 

[12,  20]  est.  AHf|gg  = -397  ±7. 

[12]  est.  AHf|gg  = -280  ±7. 

[12]  est.  4Hf°gg  = -376  ±7. 
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Compound  AHf°gg  (kcal/mole) 

Remarks 

ZnFjCg) 

ZnF2(i) 

[9]  lists  AH  vap. 

ZnF2(c)  -176  ±5  [15] 

[138]  correlates  AHf.  [223]  est.  AHf°gg  = -186.  Other  reviews  give  for 
AHf^g.-  -176  ±3  [12,  20]. 

ZrFjCg) 

ZrF2U) 

ZrFjCo) 

[26  , 27]  est.  AHf^g  = -146.7  ±25.  [25]  est.  -147. 

[27]  est.  AHf^g  = -220  ±25- 

[9,  12,  20,  25,  26,  27]  est.  AHf°^g  = -230  ±25. 

ZrF2(g) 

ZrF^(t) 

ZrF^(c) 

[25]  est.  = -271.  [26  , 27]  est.  -271.1  ±25. 

[27]  est.  AH  fus.  and  est.  AHf^g  = -346  ±30. 

[9,  12,  20,  25]  est.  AHf|gg  = -350.  [26,  27]  est.  -350  ±25. 

ZrF^(g)  -401.1  ±3  [122] 

ZrF^(t) 

ZrF. (c)  -456.80  ±0.25 

^ [567] 

[122,  342,  343]  calc.  AH  sub.  See  also  [237].  [25,  26]  est.  ^^®f|gg  = -381.5  ±30. 

[27]  est.  -391. 

See  [574]  for  AH  fus.  [27]  est.  AH  fus.  [27]  lists  AHf°gg  = -447.919 
[567]  meas.  AH  for  direct  combination  of  the  elements.  See  also  [4I,  43]- 
[122,  342,  343]  meas.  v.p.  See  also  [237].  [229]  meas.  v.p.  of  RbF-ZrF^  and 

LiF-ZrF^  systems.  See  also  [147].  See  [575].  [9,  12,  15,  20,  25,  26]  est. 

AHf^g  = -445  ±30.  [27]  lists  -456.9  ±0.1.  See  FgRbZr2(g)  , FgLiZr2(g)  , 

FgNaZr2(g),  FjNaZr(g)  , FgRbZr(g)  , F^H20Zr(c)  , F^HgO^Zr(c)  , F2H^2”32r(c)  . 
FgHgN2Zr(o),  FjH^NZr(c). 
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Species 

AHf^gg  (kcal/mole) 

Remarks 

AcFO(c) 

V 

[106]  gives  AHf|gg  ~ -265  from  consideration  of  the  equilibrium:  AcF2(c)  + H^Ofe) 

= AcOF(c)  + 2HF(g),  at  1000°  K. 

AgAuF^(c) 

-U9.4  [131] 

[131]  meas.  AH  hydr. 

AgF2H(c) 

For  the  reaction:  Ag(c)  + ^ “ AgF'HF(c)  , [178]  est.  AFg  = -49.0  on  the 

(AgF-KF) 

basis  of  electrode  potentials. 

AlCIF(g) 

[25]  est.  AHf°gg  = -121.  [24,  27]  est.  -123  ± 15-  [26]  est.  -I24  ± 20. 

AlClF2(g) 

[24,  26,  27]  est.  AHf|gg  = -235  ± 15.  [25]  est.  -235.5. 

AlCl2F(g) 

[27]  est.  AHf°gg  = -181.8  ± 15.  [24,  26]  est.  -186  ± 15.  [25]  est.  -186.3. 

AlFO(g) 

[24]  est.  AHf°gg  = -103  ± 20.  [25]  est.  -110.  [26,  27]  est.  -121  ± 20. 

AlF^K(o) 

(KAIF^) 

See  AIF^H2K20(o) . 

AlF^Li(g) 

For  the  reaction:  LiF-AlF^Cg)  = LiF(g)  + AlF^Cg) , [125]  meas.  4HJqqq  = 73  ± 4.  [122] 

(LiAlF^) 

calc.  AH  sub.  [122]  est.  AHfggg  = -447  ± 7. 

AlF,Li(c) 

4 

[122]  meas.  v.p.  [122]  est.  AHf°gg  = -512  ± 5. 

AlF^Na(g) 

(NaAlF^) 

[121]  meas.  AH  vap.  See  AIF  Na(t)  for  v.p.  studies. 
4 

AlF,Na(l) 

4 

For  the  reaction:  Na^AlF^Ct)  = NaF(t)  + NaAlF^{t) , [344]  meas.  ^B^qqq  = 22.  [121, 

577]  meas.  v.p. 

AIF  Na(c) 
4 

[345]  discusses  stability. 

AlF^K^(c) 

(K3A1F^) 

-777.9  [9] 

AlF^Na^Cg) 

(Na^AlF^) 

See  AlFgHa^Ct)  for  v.p.  meas. 

AIF^Na^(t) 

[^121,  238,  577]  meas.  v.p.  [259]  calc.  AFf  and  AHf  vs.  T.  [616]  calc.  AF  of  reactions 
with  SiO^  + Al^Oj.  [608,  609]  calc.  AF  of  reaction:  AlF^Cc)  + 3NaF(l)=  NagAIFg(t)  . [124] 

meas.  AH  fus-.  [9]  lists  AH  fus.  See  also  [6O4].  See  AlF^Na(t.)  . 

AIFgNa^Cc) 

-759.6  [9] 

[256]  meas.  AH  soln.  of  Na^AlFg,  Al,  NaF,  and  NaCl  in  HCl(aq) . [116]  meas.  AH  for  the 

-784.8  [256] 

reaction:  | PbF2(c)  + Al(c)  + 3NaF(c)  = | Pb(c)  + Na^AlFgCc).  See  also  [118].  [259, 

-784.95  [116] 

313]  calc.  AF  for  several  reactions.  [I24]  meas.  AH  trans.  [9]  lists  AH  trans. 

AljF^^Na^(c) 

(3AIF^-5NaF) 

See  [345]. 

AsBrF2(t) 

AsBrF2(c) 

[623]  calc.  AH  fus. 

AsBr2F(l) 

AsBr2F(c) 

[623]  calc.  AH  fus. 

AsCIF2(t) 

AsC1F2(c) 

[623]  calc.  AH  fus. 

AsCl2F(t) 

AsCl2F(o) 

[623]  calc.  AH  fus. 

BBrF2(g) 

[25]  est.  AHf°gg  = -194.4.  [31]  est.  -198.71®. 

BBr2F(g) 

[25]  est.  AHf°gg  = -118.8.  [31]  est.  -129.59^ 

a Value  based  upon  Br2(g)  as  standard  state. 
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(kcal/mole) 


Remarks 


BClF(g) 


BClF2(g) 


BCl2F(g) 

BCsF^(t) 

(CsBF^) 

BCsF,(o) 

BFO(g) 


BF^K  ( 1) 

(KBF^) 

BF^K(c) 

BF^Na(o) 

(NaBF.) 

4 

BF^SbU) 

(RbBF.) 

4 

BF^S(g) 

(BFj-SF^) 

BF^S(o) 

B3F30^(g) 

((bof)3) 

BaClF(c) 

BaFgSi(c) 

(BaSiFg) 

Ba2Cl2F2(c) 

fBaF2-BaCl2) 

BeClF(g) 

BeFgLi(g) 

BeF2Na(g) 

(NaBeFj) 

BeFgNa(i) 

BeF^Na2(g) 

(Na2BeF_^) 

BeF^Na2(t) 


[25]  est.  AHf°gg  = -76.  [27]  est.  -77.8  ± 6.  [31]  est.  -77.81.  [26]  est.  -90  ± 15. 

[24]  est.  -91  ± 20. 

-211.65  [31]  [346]  est.  AHf°  = -211.53  by  considering  the  equilibria:  2BF2CI  = BF^  + BFCI2,  and 

2BFCI2  = BF2CI  + BCl^.  [346,  347]  meas.  K for  the  reaction:  BF^(g)  + BCl2(g) 

= BClF2(g)  + BCl2F(g).  See  also  [348].  Other  reviews  give  for  AHf^gg:  -210.3  (est.) 

[25] ,  -211.65  [28],  -212  ± 15  (est.)  [24,  26]. 

-j-53.97  [31]  [346]  est.  AHf°  = -153.9.  [346  , 347]  meas.  K for  the  reaction:  BF^(g)  + BCl^(g)  = 

B61F2(g)  + BCl2F(g) . See  also  [348].  Other  reviews  give  for  AHfOgg:  -133  ± I5 
(est.)  [24],  -153.7  (est.),  [25],  -153.97  [28],  -155  ± 15  (est.)  [26].  See  BClF2(g) . 
[520]  lists  dissoc.  pressiire. 


[349]  meas.  AH  soln- 

-145-3  ± 3 [231]  From  an  equilibrium  study  of  the  reaction:  ^ MgF2(c)  + ^ B20^(t)  = BOF(g)  + ^ MgO(c), 
[231]  calc.  AH2gg  = 66.4  ± 1.  [24]  est.  AHf°gg  = -129  ± 20.  [3I]  est.  -139.9.  [27] 
lists  -142.923  ± 8.  [26]  est.  -I46  ± 15.  [25]  est.  -172. 

[520]  lists  dissoc.  pressure. 

-451.6  [350]  From  solution  calorimetry,  [350]  meas.  AHf^gg  = -451.6.  [349]  calc.  AH  soln.  [351] 

calc,  lattice  energy  and  AH  soln.  [29]  lists  AHf^gg  = -433.  [351]  est.  -424. 

[29,  520]  list  v.p.  and  dissoc.  pressure. 


[520]  lists  dissoc.  pressure. 


[352].  calc.  AH  sub. 


-567  ±8  [31] 
-566.2  [237] 
-582  ±8  [31] 


-691.6  [9] 


[352]  meas.  v.p. 

[237]  studied  the  reaction  of  BF^(g)  and  B^O^.  See  also  [224].  Other  reviews  list 
for  AHf^ijg : -567  ± 8 [28].  [31]  reviews  unpublished  values  for  AHf|gg. 

[31]  reviews  unpublished  work. 

See  Ba2Cl2F2(c) . 


-508.4  [257]  [257]  meas.  AH  soln.  of  BaF2  + BaCl2  and  Ba2Cl2F2  in  AgNO^(aq).  [139]  reports  AH  for 

several  reactions  of  Ba2Cl2F2. 

[24,  27]  est.  AHf|gg  = -124  ± 15.  [26]  est.  -132  ± I5.  [25]  est.  -I38. 

From  ion  abundances  [353]  calc,  bond  energy  = 53  at  900^  K. 

See  [147,  149]. 


See  BeF^Na2(i) 
See  [147,  149]. 


For  the  dissoc.  to  2NaF  + BeF2,  [144]  reports  AH  = 48.646.  [I44]  obs.  insignificant 

dissoc.  to  NaBeFj(t). 


[357]  meas.  ion  abundance  and  appearance  potential  from  CF^Br. 
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TABLE  3.  TERNARY  FLUORIDES  (Continued) 


Species  ^^^298 

(kcal/mole)  Remarks 

BrCF^Cg) 

(CBrF2) 

[357]  meas.  ion  abundance  and  appearance  potential  from  CF.^Br.  [177]  est.  D^CFpBr-F/. 

BrCFj 

(CBrFj) 

BrCF^(l) 

[357,  53?]  meas.  ion  appearance  potentials  or  abundances.  [177]  est.  fC-F/  oond 
energy.  [IO4,  177  , 357,  358, .359]  report  (C-Br)  bond  energy.  [355,  35^->]  calc.  AH 
vap.  [354]  est.  AHfOgg  = -156.  [177]  est.  -132. 

[355,  356]  meas.  v.p. 

BrFHg(c) 

(HgBrF) 

[216]  est.  AHfOgg  = -55. 

BrFHg2(c) 

(Hg2BrF) 

[216]  est.  AHfOgg  = -53. 

BrF2P(g) 

(PBrF2) 

BrF2P(l) 

[9]  lists  AH  vap.  [623]  calc.  AH  vap. 

BrF^Si(g) 

(SiBrF^) 

BrF^Si(t) 

[9]  lists  AH  vap. 

BrF^K(o) 

(KBtF^)' 

[36O]  meas.  dissoc.  pressure. 

BrF^Ta(g) 

(TaBrF^) 

BrF,Ta(l) 

4 

[623]  calc.  AH  vap. 

BrFgSb(o) 

( BrF2SbFg) 

[360]  meas.  dissoc.  pressure. 

Br2CF(g) 

[624]  est.  AHfOgg  = -14.2. 

Br2CF2(g) 

(CBr2F2) 

[355]  calc.  AH  vap.  [354]  est.  AHf°gg  = -100. 

Br2CF2(t) 

[355]  meas.  v.p. 

Br2FP(g) 

(PBr2F) 

Br2FP(l) 

[9]  lists  AH  vap.  [623]  calc.  AH  vap. 

Br2F2Sl(g) 

(SiBr2F2) 

Br2F2Si{t) 

[9]  lists  AH  vap. 

Br2F2Ta(g) 

(TaBr2F2) 

Br2F2Ta(l) 

[623]  calc.  AH  vap. 

Br2CF(g) 

(CBr^F) 

[354]  est.  AHfOgg  = [624]  lists  D(CBrg-F)  . 

BrjFSi(g) 

(SiBr^F) 

Br^FSi(t) 

[9]  lists  AH  vap. 

Br3F2Ta(g) 

(TaBr^F2) 

Br2F2Ta(t) 

[623]  calc.  AH  vap. 
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TABLE  3.  TERNARY  FLUORIDES  (Continued) 


Species 


AKf|9g  (kcal/mole) 


Remarks 


Br^FTa(g) 

(TaBr,F) 

4 

Br  FTa(l) 
4 

CClF(g) 


[623]  calc.  AH  vap. 


[26]  est.  AHf°gg  = 33  ± 10. 


CCIF2(g) 

CClFg(g) 


CClFg(t) 


[177]  meas.  D(CC1F2-C1)  , DCCCIFj-F)  , and  DCCIFgC-CClFg) . [26]  est.  AHf°gg  = -60  ± 5. 

-167  [171]  [171,  174]  meas.  AH  of  reaction  with  K.  [580,  58I]  list  ion  abundances  and  appear- 

-171  ± 1 [174]  ance  potentials.  [166,  167,  169,  177]  report  D(C-Cl).  [177]  reports  D(C-F) . [365, 

366,  579]  calc.  AH  vap.  [362,  363,  364]  list  thermo,  prop.  [367]  est.  AH°f2gg  =-163.2. 
[354]  est.  -166.  [25]  lists  -I69.8.  [26,  361]  list  -171  ± 1.  [27]  lists  -171.9  ± 2. 
[363,  364]  report  thermodyn.  properties  of  sat.  liquid. 


CCl2F(g)- 


[177]  meas.  D(CFCl2-Cl)  and  D(CFCl2-F) . [26]  est.  AHf°gg  = -18  ± 10.  [624]  est. 

-29.0. 


CCl2F2(g) 


CCI2F2U) 

CCl2F2(c) 

CClgF(g) 


CCl^FCt) 

CCl^F(c) 

CDFg(g) 

CFH(g) 


-113  [171]  [171,  174]  meas.  AH  of  the  reaction  with  K.  [177]  meas.  D(C-Cl)  and  D(C-F).  [580, 

-112  ± 2 [174]  581]  obs.  ion  abundances  and  appearance  potentials.  [365,  369,  579]  calc.  AH  vap, 

[446]  meas.  dissoc.  pressure  of  solid  hydrate.  [9]  lists  AH  vap.  [371,  372,  373, 
374]  list  thermo,  prop.  [26,  361]  list  AHf°gg  = -112  ± 2.  [367]  est.  -112.5.  [354] 

est.  -119.  [25]  est.  -121.7. 

[371,  372,  445]  list  v.p.  [9]  lists  AH  fus.  See  also  [370,  373]. 


-67  [171]  [171,  174]  meas.  AH  of  the  reaction  with  K.  [176]  meas.  AH  of  the  bomb  reaction 

-70  ± 4 [174]  with  Mg.  [580,  581]  meas.  ion  abundance  and  appearance  potential.  [I66-,'  177]  meas. 

-66,2  [176]  D(C-F) . [177]  meas.  D(C-Cl) . [446]  meas.  dissoc.  pressure  of  solid  hydrate.  [368, 

365,  579]  calc.  AH  vap.  [9]  lists  AH  vap.  [367]  est.  AHf°gg  = -67.7.  [26,  361] 

list  -70  ± 4.  [27]  lists  -71  ±2.  [354]  est.  -72.  [25]  lists  -73.6. 

[368,  445]  meas.  v.p.  [9]  lists  AH  fus. 


[362]  calc,  thermo,  properties. 
[26]  est.  AHf°gg  = 34  ± 10. 


CFH2(g) 

CFH^(g) 


CFH^U) 

CFl(g) 

CFl2(g) 


[169]  meas.  D(CFH2-C1)  . [177]  est-.  D(CFH2-H)  and  D(CFH2-F)  . [26]  est. -AHf°gg  = 

-5  ± 5. 

[88]  calc.  AHf|gg  = -59  from  mass  spectrometric  and  calorimetric  studies.  [376]  meas. 
AH  soln.  and  AH  hydration.  [177,  375]  list  D(CHj-F) . [177]  lists  D(CH2F-H) . [365, 

579]  calc.  AH  vap.  [9]  lists  AH  vap.  [223]  est.  AHf°gg  = -44.  [367]  est.  -57. 

[625]  est.  -58.5.  [21,  25]  list  -59.  [26]  lists  -59  ± 5.  [177]  est.  -60.  [354] 
est.  -67.  [22,  23] list  -67.8.  [375]  lists  -69. 


[357]  meas.  ion  abundance  and  appearance  potential  from  CF^I. 

[624]  lists  DCCF^-I).  [354]  calc.  AHf|gg  = 2. 


CFN(g) 

CFN(c) 


[9]  lists  AH  sub.  [26]  est.  AHf|gg  = 4 ± 15.  [367]  est.  -8.7.  [28]  est.  -12.8 
[22,  23,  25]  est.  -18.7.  [24]  est.  -25  ± 15. 


CFO(g) 

CF2H(g) 


[177]  est  D(COF-F)  and  D(CHgCOF) . [26]  est.  AHf°gg  = -49  ± 15. 

[]L69]  meas.  DCCFjH-GI)  . [177]  est.  D(CF2H-H)  and  D(Cp2H-F)  . [26]  est.  AHfOgg  = 

-^0  d:  5. 
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TABLE  3.  TERNARY  FLUORIDES  (Continued) 


Species 


CF2H2(g) 


CF2l(g) 

CF2l2(g) 

CF20(g) 

(COF2) 


CF2OU) 

CF^H(g) 


CF2H(t) 

CF^Kg) 

CF^O(g) 

CF^O(g) 

(CFjOF) 

CF^N(g) 

(CFj:1F2) 

CFjN(t) 

CF^N(c) 

(CF^NF2) 

(CF2(SFj) 

CF12S2U) 

CdClF(g) 

CdClF(l) 

ClFHg(c) 

(HgClF) 

ClFHg2(c) 

(Hg2ClF) 

ClFLi2(g) 

(Li2ClF) 

ClFMg(g) 

(MgClF) 

ClFNa2(g) 

(Na2ClF) 

ClF02(g) 

(CIO2F) 


AHf|gg  (kcal/mole) 


Remarks 


-105.50  ± 0.22  [3VV][377]  meas.  AH  of  reaction  with  oxygen  in  a bomb  calorimeter.  See  also  [176].  [177] 

est.  D(CH2F-F)  and  D(CHF2-F) . [21,  25]  list  AHf°gg  =-105.50.  [26]  lists  -105.5  ± 1. 

[177]  est.  -no.  [354]  calc.  -115.  [22,23]  est.  -117.9. 


[357]  meas.  ion  abundance  and  appearance  potential  from  CF^I.  [624]  est.  AHf^gg  = 

-50.2. 


[354]  calc.  AHf°gg  = -70. 

-149.9  ± 3.0  [15]  [170]  meas.  AH  hydr.  = 26.73  ± 0.2.  [172,  176]  meas.  heat  of  combustion  of  fluoro- 

-I5O.35  ± 0.5  [l70]  carbons,  forming  some  COF2.  [378]  discusses  heat  of  formation.  [177]  meas. 

-166. 6 [172]  D(GOF-F).  [9]  lists  AH  vap.  [176]  calc.  AHf|gg  = -143-  Other  reviews  give  for 

AHf|gg:  -149.9  ± 3 [26],  -150.2  ± 5 [27],  -150.45  [21],  -159.7  [22,25]. 


-162.6  ± 0.6  [377]  [377]  meas.  AH  of  reaction  with  oxygen  in  a bomb  calorimeter.  See  also  [176]. 

[362,  379]  list  thermo,  properties.  [IO4,  166,  168,  177]  list  DCCF^-H) . [177] 

est.  D(CF2-H-F).  See  also  [80].  [9]  lists  AH  vap.  [21,  25]  list  AHf°gg  = -162.6. 

[26]  lists  -162.6  ±1.  [354]  calc.  -164.  [22,  23,  177]  est.  -I68.O.  [I66] 

lists  -I69. 


-177.3  [381] 


[357]  meas.  ion  abundances  and  appearance  potentials  and  calc. 

AHf°98  = -141. 


dCcf^-i). 


[354]  calc. 


[381]  giv^DCCFjO-F)  = 47. 

For  the  reaction:  CF^O(g)  = CF20(g)  + F^Cg)  [381]  meas.  K and  calc.  ^298  ~ 26.9. 

See  CF^O(g) . 

[382]  calc.  AH  vap. 


[382]  meas.  v.p. 
[382]  meas.  v.p. 


[383]  meas.  v.p. 

[623]  calc.  AH  vap. 

[216]  est.  AHfOgg  = -62. 

[216]  est.  AHfo  = -70. 


hyp. 

[27,  33]  est.  AHf°gg  = -180.2. 

[25,  34,  37]  est. 

-183.3. 

hyp. 

[26]  est.  AHfCgg  = -137  ± 15. 

[27]  est.  -138.9- 

[24]  est.  -139  ±20.  [25]  est 

-145.2. 

hyp. 

[25]  est.  AHfCgg  = -167. 

[9]  lists  AH  vap. 
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Species  AHf|gg  (koal/mole) 

Remarks 

ClFO^Cl) 

ClFOjCg)  -5.12  ± 0.68  [53] 

(ClOjF) 

ClFO^(t) 

ClFOj(o) 

[53]  meas.  AH  of  reaction  with  H2(g) . See  also  [176].  [384]  meas.  ion  appearance 
potentials  and  est.  AHf  = -5.3.  [384]  est.  D(OjCl-F) . [385]  reports  decomposition 
energy  studies.  [388]  meas.  AH  vap.  [386,  387]  calc.  AH  vap.  [28]  lists 

AHf°gg  = -5.12  ± 0.68. 

[386,  387,  388,  389]  meas.  v.p.  [388]  meas.  AH  fus. 

ClFP(g) 
(PC IF) 

[25,  26]  est.  AHf°gg  = -61  ± 15. 

ClFPb(c) 

(PbClF) 

[282]  meas.  heat  of  formation  from  PbFj  and  PbCl^.  [264]  meas.  AF  for  exchange 
reaction  producing  PbCi-F.  [390]  tabulates  K sp  and  related  thermodynamic 
functions. 

ClFS(g)  hyp. 
(SC IF) 

[26]  est.  AHf°gg  = -37  ± 15.  [25]  est.  -^1. 

ClFSr(c) 

See  Cl2FgSr2(c). 

ClFZn(g) 

ClFZn(t) 

[623]  calc.  AH  vap. 

ClF2Li2(g)  hyp. 
(LljClF^) 

[25]  est.  AHfOgg  = -305. 

ClF2N(g) 

(NCIF^) 

[391]  calc.  AH  vap. 

C1F2N(1) 

[391]  meas.  v.p. 
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Compounds 

AHf°9g  (kcal/mole)  Remarks 

ClT2P(g) 

(PCIF2) 

ClF2P(i) 

[9]  lists  AH  vap.  [623]  calc.  AH  vap.  [25,  26]  est.  AHf°gg  = -171  ± 15. 

ClF2Si(g) 

(SiClFj) 

ClF^SiU) 

[9]  lists  AH  vap.  [26,  27]  est.  AHf°gg  = -315  ± 15. 

ClF^H(g) 

For  the  reaction:  HF  + CIF^  = HF-CIF^,  [392]  meas.  K and  calc.  AH  = -3.9.  For  this 

same  reaction  [393]  gives  AH  = -4. 

CIF^Sb(g) 

(SbF^Cl) 

GlF,Sb(t) 

4 

[623]  calc.  AH  vap. 

CIF^Ta(g) 

(TaF^Cl) 

ClF^Ta(i) 

[623]  calc.  ^ vap. 

ClFjSCg) 

(SCIF5) 

-245  [394]  [394]  meas.  AH  hydr.  in  NaOH(aq) . [395]  calc.  AH  vap. 

ClFjS(l) 

[395]  meas.  v.p. 

Cl2PLi3(g)  byp. 
(Li3Cl2F) 

[25]  est.  AHfOgg  = -266. 

Cl2PP(g) 

(PCI2F) 

Cl2FP(l) 

[9]  lists  AH  vap.  [623]  calc.  AH  vap.  [25,  26]  est.  AHfo^g  = -121  ±15. 

Cl2F2C5e(g) 

(GeCl2F2) 

Cl2F2Ge(t) 

[9]  lists  AH  vap. 
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Species  AHf°gg  (kcal/mole) 

RemArks 

Cl2F2Si(g) 

(SICI2F2) 

Cl2F2Si(t) 

[9]  lists  AH  vap.  [26]  est.  4Hf|gg  = -258  ±15. 

Cl2F2Sr2('-)  -498  [257] 

(SrCl2’SrF2) 

[257]  meas.  AH  soln.  of  SrF2  + SrCl2»  and  Sr2Cl2F2  in  AgNO^(aq).  [139]  reports 
AH  for  several  reactions  of  Sr2Cl2F2. 

Cl2FgSb(g) 

(SbCl2Fg) 

Cl2F^Sb(t) 

[623]  calc.  AH  vap. 

Cl2F^Ta(g) 

(TaCl2F2) 

Cl2F^Ta(l) 

[623]  calc.  AH  vap. 

CljFGe(g) 

(GeClgF) 

ClgFGe(t) 

[9]  lists  AH  vap. 

Cl^FSi(g) 

(SiClgF) 

ClgFSi(l) 

[9]  lists  AH  vap.  [26,  27]  est.  AHf|gg  = -201  ±15. 

ClgF2Sb(g) 

(SbCl^F2) 

CljF2Sb(t) 

[623]  calc.  AH  vap. 

ClgF2Ta(g) 

(TaCl^F2) 

ClgF2Ta(t) 

[623]  calc.  AH  vap. 

Cl^FSb(g) 

(SbCl.F) 

4 

Cl^FSb(t) 

[623]  calc,  ah  vap. 

Cl^PTa(g) 

(TaCl^^F) 

Cl^FTa(t) 

[623]  calc-  AH  vap- 

CrF^O^(l) 

CrF202(c) 

CsF2H(c)  -216.1  [9] 

(CSHF2) 

[396]  calc.  AH  sub.  and  AH  vap. 
[396]  meas.  v.p.  and  calc.  AH  fus. 
[396]  meas.  v.p. 

CsF2Li(g) 

(CsF-LlF) 

[196]  calc,  energy  of  formation. 

CsF2Rb(g) 

(CsF-RbF) 

^32^681(0)  -669.5  [9] 

(Cs2SiFg) 

For  the  equilibrium:  Cs2F2(g)  + Rb2F2(g)  = 2CsRbF2(g) . [512]  meas.  K 
(833-925°K)  = 4.3  ±1.0. 

FHO(g) 

[223]  est.  AHfOgg  = -9.  [24,  27]  est.  -26.1  ±15. 

^2^(g) 

(im^F) 

[223]  est.  AHfOgg  = -5. 
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TERNAEY  FLUORIDES 
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Species 

(kcal/mole) 

Remarks 

FH^SKg) 

(SIFH^) 

FH^Si(A) 

[9]  lists  AH  vap.  [25]  est.  AHf|gg  = -86.8.  [26,  27]  est.  -105  ±15.  See 
BF2HgNSi2  and  BCF^H^NSi. 

[397]  meas.  v.p. 

FH^N(g) 

(NH.F) 

4 

FH,N(c) 

4 

-111.6 

-111.0 

[9] 

[212] 

[398]  calc.  AH  sub. 

[212]  meas.  AH  soln.  of  NH_  and  NH,F(c)  in  HF(t) . [399]  calc,  lattice  energy 
3 4 

and  AF  soln.  [398]  meas.  v.p.  [400]  reports  thermodyn.  study  of  the  system 

NH.F  - NH.HF.. 

4 4 * 

FHgl(c) 

(HgFl) 

[216]  calc.  AHfOgg  = -47. 

FLiO(g) 

[24,  27]  est.  'iHf^g  = -10  ±20. 

(LiOF) 

FMn02(g) 

(MnO^F) 


FMn0j{t) 

[401]  meas.  v.p. 

(MnOjF) 

FNO(g) 

-15.8  [402] 

[402]  meas.  the  heat  of  reaction  of  N0(g)  and  F2(g) • See  also  [582]. 

(NOF) 

[9]  lists  AH  vap.  [22,  25]  est.  AHf^g  = -14.9.  [26  , 27]  list  -15.65  ±1. 
[24]  est.  -32.7  ±15. 

FNO(t) 

FN02(g) 

[9]  lists  AH  vap. 

FNO^Ci) 

FNO^(g) 

[583]  meas.  rate  of  thermal  decompn.  vs.  temp,  and  est.  D(NO^-F)  = 29.7. 
See  also  [584]. 

FNS(g) 

[403]  calc.  AH  vap. 

(NSF) 

FNS(t) 

[403]  meas.  v.p. 

FOP(g) 

[25,  26]  est.  fiHf°gg  = -88  ±15. 

(POF) 

FOS(g) 

[25,  26]  est.  ^Hfo^g  = 24  ±15. 

(SOF) 

FPS(g) 

[25,  26,  27]  est.  *^5. 

(PSF) 

F2HK(t) 

[404]  meas.  AH  fus.  [9]  lists  AH  fus. 

(KHF2) 

F^HKCc) 

-219.98  [9] 

For  AH  soln.  in  HF(t) , [212]  meas.  -9.81.  For  the  reaction:  KHF2(c)  = KF(c)  ± HF(g) 
[404]  meas.  ^226  8°C  ~ 18-52  ±0.05.  [404]  meas.  AH  trans.  (B-a)  = 2.682  ± 0.010. 

See  also  [585].  [9]  lists  AH  trans.  See  AlFjH2K20(c) . 

F2HLi(c) 

-224.2  ±1  [34] 

For  the  reaction:  LiHF2(c)  = LiF(c)  + HF(g) , [406]  meas.  AH  = 13.7.  [406]  meas. 

(LLHF2) 

AH  trans.  See  also  [409].  Other  reviews  list  AHf|gg  = -224.2  [25,  37]. 

FjHNCg) 

[407,  623]  calc.  AH  vap.  [25]  est.  AHfOgg  = -23. 

(NHF2) 

F2HN(1) 

[407]  meas.  v.p. 

F2HNa(c) 

-216.6  [9] 

[212]  meas.  AH  soln.  of  NaF(c)  and  NaHF2(c)  in  HF(t).  For  the  reaction: 

(NaHF2) 

-218.0  [212] 

NaHF2(e)  = NaF(c)  + HF(g) , [408]  meas.  K and  calc.  AH  = 16. 1. 
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Species 

AHf|gg  (keal/mole) 

Remarks 

FjHRbCc) 

(RbHFj) 

-217.3  [9] 

F^HTKc) 

(TIHF2) 

[409]  reports  thermodyn.  studies. 

F2H2Sl(g) 

(SlFjflg) 

F^H^SKt) 

FjH^SiCo) 

[9]  lists  AH  vap.  [25]  est.  AHf|gg  = -181.2.  [26,  27]  est.  -194  ±15. 
[9]  lists  AH  fus. 

F2H5N(c) 

(NH^HF2) 

-191.4  [212] 
-190.8  [410] 

[212]  meas.  AH  soln.  of  NH,,  NH.F,  and  NH.HF  in  HF(t) . [4IO]  meas.  AH 
j 4 -42 

neutralization  of  NH,(aq)  and  HF(aq) , AH  soln.  and  AH  diln.  of  NH.HF  . 

j 4 2 

[400,  409]  report  thermodynamic  studies.  See  F^HyN(c) . 

F2KNa(g) 

(KHaF2) 

For  the  equilibriim:  K2F2(g)  + Na2F2(g)  = 2KNaF2(g)  , [512]  meas. 
K (891-951°K)  = 4-9  ± 2.0. 

F2KRb(g) 

(KRbF2) 

For  the  equilibrium!  Rb2F2(g)  + K2F2(g)  = 2KRbF2(g) , [512]  meas. 
K (965-994°K)  =4-2  ±1.0. 

F2LlNa(g) 

(LlNaF2) 

For  the  reaction:  Na2F2(g)  + Li2F2(g)  = 2LiNaF2(g),  [227]  calc.  AH  - 0. 

See  [512].  [227,  512]  meas.  ion  abundances.  [546]  calc,  energy  of  formation 
from  the  ions. 

F2LlRb(g) 

(LlRbF2) 

For  the  equilibrium:  Li2F2(g)  + Rb2F2(g)  = 2LiRbF2(g) , [512]  meas. 
K (897-958°K)  = 25.3  ±7. 

F2N2S(g) 

(SN2F2) 

F2N2S(t) 

[412]  calc.  AH  vap. 
[412]  meas.  v.p. 

F20P(g)  hTp. 
(POF2) 

[25,  26]  est.  AHf^gg  = -180  ±15. 

F20S(g) 

(SOF2) 

F20S(t) 

[9]  lists  AH  vap.  [25,  26,  27]  est.  4Hf|^g  = -113  ±10. 

FgOSKg) 

(SIOF2) 

[25]  est.  AHfOgg  = -222. 

F20Th(o) 

(ThOF2) 

-389.6  [413] 

[413]  meas.  dissoc.  pressure  of  the  reaction:  2ThOF2(c)  = ThO^Cc)  ± ThF^(g) . 

F2OTl(g) 

(T10F2) 

[25]  est.  4Hf|gg  = -220. 

F202S(g) 

(SO2F2) 

F202S(i) 

F202S(c) 

-205  [4U] 

[414]  meas.  appearance  potential  of  SO^"*”  ion,  as  well  as  other  ions.  [415] 
meas.  AH  vap.  [416]  lists  AH  vap.  [27]  est.  AHf°gg  = -150.  [25,  26]  list  -205  ±5. 
[415,  417]  meas.  v.p.  [4I6]  lists  v.p.  [415]  meas.  AH  fus. 

[417]  meas. 'v.p. 

F202Se(g) 

(Se02F2) 

F202Se(t) 

[418]  calc.  AH  vap. 
[418]  meas.  v.p. 

F202'J(c) 

(UO2F2) 

-391.4  ±3.6  [419] 

[419]  meas.  AH  soln.  of  UF^(g)  in  H^O  and  UO^F^Cc)  in  HF(aq) . [325]  calc.  AF 
vs.  T for  several  reactions. 
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Species 

AHfOgg  (kcal/mole) 

Remarks 

F203S(g) 

(SO3F2) 

F203S(t) 

[420]  nieas.  v.p. 

F^O^S^Cg) 

(S^OsF^) 

F^O^S^Ct) 

[421]  meas.  v.p. 

W3^e) 

[422]  calc.  AH  vap. 

W3(') 

[422]  meas.  v.p. 

F2PS(g) 

[25,  26]  est.  AHf|gg  = -133  ±15. 

(PSF2) 

F3HSi(g) 

[9]  lists  AH  vap.  [25]  est.  •Attf^g  = -275.6.  [26,  27]  est.  -283  ±15. 

(SIF3H) 

F3HSi(A) 

F3H2K(c) 

(KF-2HF) 

-296.7  [9] 

F3H2Na(c) 

(NaF-2HF) 

-292.5  [212] 

[212]  meas.  AH  soln.  of  NaF  and  NaF-2HF  in  HF(t) . 

F3MgNa(t) 

[609]  calc.  AF  for  the  reactions:  NaF  + MgF2  = NaMgF^ , and  ^a3AlF^  + MgFj  = 
NaMgF3  + IAIF3. 

F3NS(g) 

[423]  calc.  AH  vap. 

(SNF3) 

F3NS(t) 

[423]  meas.  v.p. 

F30P(g) 

For  the  reaction:  PF3(g)  + io^ig)  = P0F3(g),  [275]  gives  AH  = -129.8.  [275]  est. 

(POF3) 

D(P-F)  and  D(P=0) . See  also  [566].  [9]  lists  AH  vap.  and  AH  sub.  See  F30P(t) 
for  v.p.  [425]  lists  thermodyn.  properties.  [25,  26]  est.  AHf°gg  = -292.5  ±10. 

F30P(t) 

[424]  meas.  v.p.  [9]  lists  AH  fus. 

F30P(c) 

F302Re(g) 

[240]  calc.  AH  vap. 

(Re02F3) 

F302Re(t) 

[240]  meas.  v.p. 

F3PS(g) 

[9]  lists  ah  vap.  [425]  lists  thermodyn.  prop.  [25,  26]  est.  AHf^gg  = -245  ±10. 

(PF3S) 

F3PS(t) 

F^H3K(c) 

(KF.3HF) 

-373.0  [9] 

F^H^N(l) 

[426]  meas.  AH  fus. 

(NH.F.3HF) 

4 

F^H^NCc) 

-337.4  [212] 

[212]  meas.  AH  soln.  of  NH„  and  NH.F*3HF  in  HF(t)  . [426]  meas.  dissoc-  pressure 
-2  4 

and  calc,  for  the  reaction:  NH.H.F.Cc)  = 2HF(g)  + NH.HF,>(c),  AH  = 10.5  ±1. 

4 .3  4 4 2 

[426]  meas.  AH  trans.  (3  transitions) . 

F^MoO(g) 

[240]  calc.  AH  sub.  and  AH  vap. 

(MoOF^) 

F,MoO(t) 

[240]  meas.  v.p.  and  calc.  AH  fus. 

F,MoO(c) 

4 

[240]  meas.  v.p. 
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Species 


AHf°gg  (kcal/mole) 


Remarks 


F^ORe(g) 

(ReOF^) 

F^ORe(t) 

F^ORe(c) 

F^OS(g) 

(SOF^) 

F^OS(t) 

F^OW(g) 

(WOF^) 

F^OW(l) 

F.OW(c) 

4 

FjNaU(c) 

(NaUFj) 

FjOReCg) 

(ReOFj) 

FjORe(t) 

FjORe(o) 

F^K2S1(c) 

(K^SiF^) 

F^K^TKc) 

(K^TIF^) 

F^Li^SiCc) 

(Ll2SlF^) 

F6N3P3(g) 

((PNF2^3) 

F^N3P3(1) 

FgN3P3(c) 

FgNaU(c) 

(NaUFg) 

FgNajSKc) 

(Na^SlF^) 

P^OSCg) 

(SFjOF) 

FgOS(l) 

F^0Sl2(g) 

(Sl20F^) 

FgOSl^Ci) 

FgRb^SlCc) 

(Rb^SiFg) 

F^NaU(c) 

(UFg-NaF) 

((PNF^)^) 


[240]  calc.  AH  sub.  and  AH  vap.  [9]  lists  AH  sub. 

[240]  meas.  v.p.  and  calc.  AH  fus. 

[240]  meas.  v.p. 


[427]  meas.  v.p. 

[240]  calc-  AH  vap.  and  AH  sub. 

[240]  meas.  v.p.  and  calc.  AH  fus. 

[240]  meas.  v.p. 

[433]  obs.  the  dissoc.  UF^'NaF(c)  = UF^NaF(c)  + i'F2(g)  above  450°. 

[240]  calc.  AH  sub.  and  AH  vap. 

[240]  meas.  v.p.  and  calc.  AH  fus. 

[240]  meas.  v.p.  and  calc.  AH  trans. 

-671  [9] 


[428]  meas.  AH  trans.  Y = 3 (623°K)  and  3 = a (873°K)  . 


-688.9  [9] 

[429>  430,  431]  calc.  AH  sub.  [429,  430]  calc.  AH  vap. 

[429,  430]  meas.  v.p.  and  calc.  AH  fus. 

[429,  430,  431]  meas.  v.p. 

See  FjUNa. 

-677  [9]  For  the  reaction:  Ka^SlP^iCc)  = 2NaF(c)  + SlF^(g)  , [432]  meas.  AH  = 26.83. 

-659  [432]  For  the  reaction:  SlF^(g)  + 2NaF(aq)  = Na^SlF^Cc) , [3II]  meas.  AH  = -37.01. 

-681.1  [311] 


[427]  meas.  v.p. 
[9]  lists  AH  vap. 


-678.4  [9] 

[433]  meas.  v.p.  of  DF^^  over  DF^-NaF. 

[429,  430]  calc.  AH  sub.  and  AH  vap. 
[429,  430]  meas.  v.p.  and  calc.  AH  fus. 
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Species  (kcal/mole) 

Remarks 

[429,  430]  meas.  v.p. 

FgNa^UCc) 

(UFj-3NaF) 

[433]  obs.  the  dissociation;  UF^-3NaF(o)  = UF^-3NaF(c)  + iP2(g) , (200  - 450“C) . 

FgHjPb^Cc) 
(2PbF2’  5HF) 

[178]  meas.  decomp.  pressure  at  0°C. 

FgLlZT2(g) 

(LlF*2a-F.) 

4 

[229]  meas.  ion  abundances  In  vapor.  See  also  [147,  228]. 

FgNaZr^Cg) 

(NaF.2ZrF.) 

4 

[229]  meas.  Ion  abundance  In  vapor.  See  also  [147,  228]. 

FgHa^UCc) 

(TJFg.3NaF) 

For  the  reaction;  DF^(g)  + 3NaF(c)  = DF£^*3NaF(o)  , [433]  meas.  K and  calc. 

4H  = -23.2 

FgRbZr2(g) 

(RbF-2ZrF,) 

[229]  meas.  ion  abundance  in  vapor.  See  also  [147,  228]. 

(SOFj)  2 
F, 00282(0 

[617]  meas.  v.p. 

F^NiP^(g) 

(Ni(PFj)^) 

F^N1P^(0 

[434]  meas.  v.p. 
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TABLE  4.  QUATERNARY  AND  HIGHER  FLUORIDES 


Compound  ^^298 

Remarks 

a*  Compounds  of  four  elements. 

AgFH^OCc)  -120.4  [9] 

(AgF-H20) 

AgFH^O^  -191.2  [9] 

(AgF-aHgO) 

AgFHgO^(c)  -331.5  [9] 

(AgF-4H20) 

AlF^HO^Cc)  -357.4  [9] 

(AlFj  •1-820  )■ 

See  A1F2H^0j(c,  q) . 

AlFjH^O^Cc,  a)  -549.1  [9] 

(AlFj.3H20-a) 

[9]  does  not  distinguish  a-  and  p-crystals . See  [2]  pp  585  ff  for  a discussion  of 
stability  of  this  and  other  AIF^  hydrates. 

AlFjH^O^Cc,  p) 

See  AlFjH^^OjCe,  a). 

A1F3H^0.j,^2(  = » 

(AlFj-7/2H20-a) 

See  AlFjH^^OjCc,  a). 

p) 

See  AlFjHgO^Cc,  a). 

AlFjH^gOgCc) 

(A1F2-9H20) 

See  AlFjH^OjCc,  a). 

AsBrClF(l) 

AsBrClF(c) 

[623]  calc.  AH  fus. 

AsCCljFjCg) 

(CF2ASCI2) 

AsCCl2F2(l) 

[435]  meas.  v.p.. 

AsCFjH^Cg) 

(CH2ASF2) 

AsCF2H2U) 

[9]  lists  AH  vap. 

BCF2H^(g) 

(CH3BF2) 

[9]  lists  AH  vap. 

BCF2H3(i) 

[520]  reviews  v.p. 

BCF2H2(g) 

(CH2FBF2) 

[436]  calc.  AH  vap. 

BCF2H2U) 

[436]  meas.  v.p. 

BCF3O  (g) 

For  the  reaction;  BF^Cg)  + 00(g)  = BF2C0(g),  [513]  est.  AH^^q  = 17.  [29]  est. 

(BFjCO)  ^298  = 


BCl^FjPCt)  hyp. 
(BF^.PClj) 

[437]  reports  v.p.  studies  showing  non-existence  of  this  complex. 

BD^F^PCg) 

(BD^-PFj) 

[438]  calc.  AH  vap. 

BDjFjPCt) 

[438]  meas.  v.p.  See  [520]. 

BF2H3N(g) 

(BFj-NH^) 

For  the  reaction;  BF^(g)  -t  NHj(g)  = BF^-NH^Cg),  [439]  reports  AH  = -27.5. 

BF2H2N(i) 

BF^HjNCc)  -318.9  [29] 

[440]  reports  v.p.  studies. 

142 


TABLE  4.  QUATERNARY  AND  HIGHER  FLUORIDES  (continued) 


Compound  AHf|gg  (kcal/mole) 

RemaxKs 

BFgHjPCg) 

(BH3.PF3) 

bf^h^pCi) 

For  the  equilibrium:  2F2PBHj(g)  = 2PFj(g)  + B2H£^(g)  , [438]  est.  K. 
[438]  calc.  AH  vap. 

[438]  meas.  v.p.  See  [520], 

(BFj-RNHj) 

[440]  reports  v.p.  stiKiies. 

BFjHgNgU) 

(BFj-3NHj) 

[440]  reports  v.p.  studies. 

BF,H,,N.(l) 

[440]  reports  v.p.  studies. 

BF^H^N(l) 

(NH^BF^) 

[520]  reviews  v.p. 

BF^Hj02(c) 
(BF^CH^O) -H20) 

[441]  reports  AH  dissoc.  = 22.3. 

BjF^Na^OjCo) 

(Na^BjOjF^) 

[442]  reports  AH  soln. 

BrCClF2(g) 

(CBrClFj) 

[355]  calc.  AH  vap.  [354]  est.  AHf°gg  = -110. 

BtCC1F2(1) 

[355]  meas.  v.p. 

BrCCl^FCg) 

(CBrCl^F) 

[354]  est.  AHf°gg  = -63. 

BrCFH(g) 

(CHBtF) 

[624]  est.  AHf°gg  = -15.5. 

BrCFH^Cg) 

(CH^BtF) 

[354]  est.  AHf°gg  = -59. 

BrCFl2(g) 

(CBrFl2) 

[354]  est.  AHf°gg  = -14. 

BrCFO(g) 

(COBtF) 

[25]  est.  AHf°gg  = -94.8. 

BrCF2H(g) 

(CHF2Bt) 

[354]  est.  AHf|gg  = -lOS. 

BrCF2l(g) 

(CBtF2I) 

[354]  est.  AHf°gg  = -85. 

BrClFP(g) 

(PBrClF) 

BrClFP(t) 

[623]  calc.  AH  vap. 

BrClF^Ta(g) 
(Ta  BrClFj) 
BrClF2Ta(i) 

[623]  calc.  AH  vap. 

BrCl2FSi(g) 

(SiBrCl2F) 

BrCl2FSi(t) 

[9]  lists  AH  vap. 

BrCl3FTa(g) 

(TaBrCl^F) 

[623]  calc.  AH  vap. 

BrCljFTa(l) 
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Compound  AHf^gg  (koal/mole) 

Remarks 

BrFOS(g) 

(SOFBr) 

BrFOS(l) 

[623]  calc.  AH  vap. 

BrFOjS(g) 

[443]  calc.  AH  vap. 

(BrSO^F) 

BrF02S(t) 

[443]  meas.  v.p. 

BrF^OPCg) 

(P0BrF2) 

BrF20P(t) 

[9]  lists  AH  vap.  [623]  calc.  AH  vap. 

BrF2PS(g) 

(PSBTF2) 

BrF2PS(t) 

[9]  lists  AH  vap.  [623]  calc.  AH  vap. 

BT2CClF(g) 

(CBT2C1F) 

[354]  est.  AHf°gg  = -54. 

BT2CFH(g) 

(CHBT2F) 

[354]  est.  AHf°gg  = -52. 

Br2CFl(g) 

(CBT2FI) 

[354]  est.  AHf°gg  = -29. 

BT2ClFSi(g) 

(SiBT2ClF) 

BT2ClFSi(t) 

[9]  lists  AH  vap. 

BT2F0P(g) 

(P0BT2F) 

Bt2F0P(1) 

[623]  calc.  AH  vap.  [9]  lists  AH  vap. 

BT2FPS(g) 

(PSBT2F) 

BT2FPSU) 

[ 623 ] calc . Ah  vap . 

BTjClFTa(g) 

(TaBr^ClF) 

Br^ClFTa(l) 

[623]  calc.  AH  vap. 

CClFH(g) 

[26]  est.  AHf°gg  = -9  ± 10. 

CClFH2(g) 

CCIFH2U) 

From  the  reaction:  Na(atoms)  + CH2ClF(g'),  [169]  reports  D(CFH2-C1).  [9]  lists 
AH  vap.  [26,  27]  est.  AHf|gg  = -58  ± 15.  [625]  est.  -63.  [354]  calc.  -68.  See 
CFH2(g). 

CClFl(g) 

[624]  est.  AHf°gg  = -8. 

CClFl2(g) 

[354]  est.  AHfOgg  = -23. 

CClFO(g) 

CClFO(l) 

[9]  lists  AH  vap.  [26]  est.  AHf°gg  = -96  ± 15.  [25,  27]  est.  -106.5. 

CClF2H(g) 

CC1F2H(1) 

CC1F2H(c) 

From  the  reaction:  Na(atoms)  + CHF2Cl(g),  [169]  reports  D(CHF2-C1).  [446]  meas. 

dissoc.  pressure  of  solid  hydrate.  [444]  meas.  AH  vap.,  [9]  lists  AH  vap.  See 
v.p.  studies  of  GHClF2(t).  [625]  est.  AHf°gg  = -109  to  -112.  [26,  27]  est.  -112  ± 5. 
[354]  calc.  -117. 

[445]  meas.  v.p.  [444]  meas.  AH  fus. 

[444]  meas  AH  trans. 
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Compounds  AHfggg  (kcal/mole) 

Remarks 

CClF2l(g) 

[354]  est,  AHf°gg  = -94. 

CClFgS(t) 

(F^CSCl) 

[447]  meas.  v.p. 

CCl2FH(g) 

CCl2FH(l) 

[476]  meas.  dissoo.  pressure  of  the  hydrate.  [365]  calc.  AH  vap.  [9]  lists  AH  vap. 
See  v.p.  studies  of  CCl2FH(t).  [26,  27]  est.  AHf|gg  = -61  ± 10.  [625]  est.  -66.5. 
[354]  calc.  -70. 

[445]  meas.  v.p. 

CCl2FI(g) 

[354]  est.  AHf°gg  = -48. 

CFHl2(g) 

CFHI2U) 

[9]  lists  AH  vap.  [354]  est.  AHf°gg  = -21. 

CFHO(g) 

[26]  est.  AHf°gg  = -78  ± 15.  [25,  27]  est.  -94.  [223]  est.  -103. 

CFH2l(g) 

[354]  est.  AHf°gg  = -44. 

CFKgOj(c) 

(K^COjF) 

[586]  discusses  energy  of  formation. 

CFRbjOg(c) 

(RbjCOjF) 

[586]  discusses  energy  of  formation. 

CF2HI(g) 

CF2Hl(i) 

[9]  lists  AH  vap.  [354]  est.  AHf|gg  = -92. 

CF2H3N(g) 

(CH3NF2) 

[448]  calc.  AH  vap. 

CF2H2NU) 

[448]  meas,  v.p. 

CFjHSCg) 

CFgHS(t) 

CFgHS(c) 

[ 449 ] calc . AH  vap . 

[449]  meas.  v.p.  and  AH  fus. 

CFjHjSiCg) 

(SlF^CCHg)) 

CF^HgSiCl) 

[9]  lists  AH  vap.  [27]  lists  AHfo^g  = -294.625. 

CF3NO(g) 

[tr^fluoronitroBcasethaiffi  ] 

[450,  451,  452,  453]  calc.  AH  vap.  [9]  lists  M vap. 

GFjNOU) 

[450,  451,  452,  453]  meas.  v.p. 

CF3H0(g) 

(FCOHF2) 

[N, N-difluoro- 
fluoroformamlde ] 

CFjNO(t) 

[9]  lists  AH  vap. 

CF^MOjCg) 

CFjN02(t) 

[451,  452,  453]  oal*.  AH  sap. 
[451,  452,  453]  seas.  s.p. 

cr^02S(g) 

(CFgS02F) 

[454]  calc.  AH  vap. 

cr^02S(t) 

[454]  meas.  v.p. 

CajFOi2P2(c) 

[455]  gives  a summary  of  reactions  leading  to  fomation  or  decozq>08ltion  of 

^5^°12^3*  '^“io^2°24^6^®^  ' 
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TABLE  4.  QUATEENARY  AM)  HIGHER  PLUORIDES  (continued) 


Compoimds  AHf|gg  (kcal/mole) 

Remarks 

CaioFgO^^PeCo)  -3,262  [456] 

(CaF2-3Ca3(P0^)2) 

[456]  meas.  AH  for  reaction  vrith  HHO^Caq). 

CeFjH0,(c)  4^ 

(CeF^.fHjO) 

For  the  reaction:  Ce’*’^(aq)  + 3HF(aq)  + •^H20(l.)  = CeFg-^H20(c)  + 3H"'’(aq),  [181]  meas. 

AH  = 10.0  ±0.7.  From  soln.  data  [181]  reports  AFf°gg  = -425.3.  See  CeF^Caq). 

ClFOP(g) 

(POFCl) 

[25,  26]  est.  Aftf|gg  = -128  ±15. 

ClFOS(g) 

(SOFCl) 

ClFOS(l) 

[623]  calc.  AH  vap.  [9]  lists  AH  vap.  [25,  26]  est.  AHf^gg  = -82  ±15. 

ClFOjSCg) 

(SO2FCI) 

ClFO^SCi) 

[9]  lists  AH  vap. 

ClF0jS2(g) 

(S2OJCIF) 

[457]  calc.  AH  vap. 

ClFOjS^Cl) 

[457]  meas.  v.p. 

ClFPS(g) 

(PSFCl) 

[25,  26]  est.  AHf°gg  = -82  ±15. 

ClF20P(g) 

{POF2CI) 

ClF20P(t) 

[623]  calc.  AH  vap.  [9]  lists  AH  vap.  [25,  26]  est  AHf°gg  = -240  ±15. 

ClF2PS(g) 

(PSF2CI) 

C1F2PS(1) 

[9]  lists  AH  vap.  [25,  26]  est.  AHf°gg  = -193  ±15. 

Cl2FHSl(g) 

(SiHCl2F) 

Cl2FHSi(t) 

[9]  lists  AH  vap. 

Cl2F0P(g) 

(POFCI2) 

Cl2F0P(t) 

[623]  calc.  AH  vap.  [9]  lists  AH  vap.  [25,  26]  est.  AHf^gg  = -188  ±15. 

Cl2FPS(g) 

(PSFClj) 

Cl2FPS(t) 

[9]  lists  AH  vap.  [25,  26]  est.  AHf°gg  = -142  ±15. 

Cl2F^OSi2(g) 

(Si20F^Cl2) 

Cl2F^OSl2(t) 

[9]  lists  AH  vap. 

[9]  lists  AH  vap. 

ClgF30Si2(g) 

(Si20F2Clg) 

CljF20Si2(t) 

[9]  lists  AH  vap. 

CoF2HgO^(c) 

(COF2-4H20) 

[9]  lists  AFf°gg. 

TABLE  4.  QUATERNARY  AND  HIGHER  FLUORIDES  (continued) 


Compounds 

AHf°9g  (kcal/mole) 

Remarks 

CrFK20^(c) 

(K^CrO^F) 

[458]  meas.  AH  soln.  of  K^CrO^F  and  of  an  equimolar  mlxt.  of  KF  and  K2CrO^,  and 
reported  for;  KF(o)  + K2CrO^(c)  = K3CrO^F(c),  AH  = +0.39. 

CrFO,Rb,(c) 
4 j 

(RbjCrO^F) 

[458]  meas.  AH  soln.  of  Rb^CrO^F  and  of  an  equimolar  mixt.  of  RbF  and  Rb2CrO^ , and 
reported  for;  RbF(c)  + Rb_CrO, (c)  = Rb,CrO  F(c),  AH  = -0.78. 

CsFH^/302/3(c) 

(CsF-2/3H,0) 

-176.8  [9] 

CsFH^Oj^^Cc) 

(C3F.3/2H2O) 

-237.2  [9] 

CSjFO^SCc) 

(CSjSO^F) 

[586]  discusses  energy  of  formation. 

Cs^FjMoO^Cc) 

{C33MDO3F3) 

[459]  calc.  AFf. 

Cs3F303W{c) 

(CS3WO3F3) 

[460]  calc.  AFf. 

CSgF20i5Ti^(c) 

(3Cs2Ti20j-2CsF) 

[587]  discusses  energy  of  formation. 

CuF2H^02(c) 

(CuF2-2H20) 

-274.5  [9] 

(RbF-l^H20) 

-156.12  [9] 

FH02S(g) 

(S02*HF) 

For  the  reaction:  302(g)  + HF(g)  = S02’HF(g),  [393]  reports  AH  = -2. 

FHOjSCl) 

(HBOjF) 

-184  [461] 

[461]  meas.  heat  of  mixing  HF  and  SO3  in  HSO3F. 

FH^Md  0 (c) 

(H3»,^Oi3F) 

[464]  reports  heat  effects  of  forroatlon  and  decomposition. 

FH303^2J*b(c) 

(RbF*3/2H20) 

-240.33  [9] 

PH^K02(c) 

(KF-2H20) 

-277.00  [9] 

FHgKO^(c) 

(KT-AHjO) 

-aa.o  [9] 

FK03S(c) 

(K8O3F) 

[462]  reports  AH  soln. 

FK^MoO^Cc ) 
(K^MdO^F) 

See  F3K3Mo03(c). 

FK^O^SCc) 

[586]  discusses  energy  of  formation. 

FN03S(g) 

(NOSO2F) 

PKOjSCt) 

FNO^SCc) 

[463]  meas.  dissoc.  of  vspor  at  19°. 
[463]  meas.  v.p. 
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TABLE  4.  QUATERNARY  AND  HIGHER  FLUORIDES  (continued) 


Compound 

AHf°gg  (kcal/mole) 

Remarks 

FNa,0,W(c) 
j 4 

[460]  discusses  energy  of  formation. 

FO,Rb,S(o) 
4 J 

[460]  discusses  energy  of  formation. 

F2H^Mo04(c) 

(H2Mo0jF2-H20) 

[464]  reports  AH  soln.  [464]  reports  endothermic  effect  of  loss  of  H2O  and  HF. 

F2HgMnO^(c) 

(MnF2 -41120) 

[239]  meas.  AH  soln. 

F2HgNi04(c) 

(N1F2-4H20) 

[9]  lists  AFf°gg. 

(3Rb2Tl20j-2RbF) 

[587]  discusses  energy  of  formation. 

FjHLaO^(c) 

(LaF3-jH20) 

[181]  reports  AFf°gg  = -428.1. 

F2HjNSb(c) 

(SbFg-NHj) 

-242.3  [9] 

F^H^N2Sb(c) 

(SbFg-2NHg) 

-265.5  [9] 

FgHgNjSbCc) 

(SbFj-SNH^) 

-285.7  [9] 

(SbFj-4NHg) 

-304.4  [9] 

F3HigN6Sb(c) 

(SbFg-6NHg) 

-341.4  ['5] 

FjK^MoOg(c) 

For  the  reaction;  K^MoOgF^Cc)  + l/202(g)  = K^MoO^FCc)  + F2(g),  [465]  reports  AH  = 

(K^MoO^Fj) 

-358.  [459]  calc,  AFf. 

FjKjO^WCo) 

(KgWO^Fj) 

[460]  calc.  AFf. 

F2Li^Mo02{c) 

(LijMoOjF^) 

[459]  calc.  AFf. 

FjU^OgW(o) 

(Li^WOgF^) 

[460]  calc.  Af’f. 

FjMoNa^Og 

(Na^MoO^F^) 

[459]  calc.  AFf. 

F^MoO^RbjCc) 

(RbgMDOjFj) 

[459]  calc.  AFf. 

F^Na^O^WCc) 

(NajWOjF^) 

[460]  calc.  AFf. 

F^OjRbgW(c) 

(RbjWOjF^) 

[460]  calc.  AFf. 

F^HOiTh(o) 

From  calorimetric  hydration  measurements  on  samples  containing  varying  amounts  of 

(ThF^-iH20) 

H2O,  [466]  calc,  for  the  process:  ThF^(c)(from  ThF  •■J-H20)  + •|■H20(l)  = ThF,-iH,0(e)  , 

AH  = -1.174- 
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TABLE  4.  QUATERNARY  AND  HIGHER  FLUCRIDES  (continued) 


Compounds 

AHf|gg  (kcal/mole) 

Remarks 

(ThF^-S/ZHjO) 

From  calorimetric  hydration  measurements  on  samples  containing  varying  amounts  of 
H2O,  [466]  calc,  for  the  process:  ThF^(c)  (from  ThF^*5/2H20)  + 5/2H20(<-)  = 

ThF4*5/2H20(c) , AH  = -2.073. 

F^HjOj/^UCc) 

(UF^-S/aH^O) 

For  the  reaction;  UF^(c)  + 5/2H20(l)  = UF^-5/2H20(c)  [419]  meas.  AH  = -8.21.  From 
dissoc.  pressure  meas.  [467]  gives,  for  the  reverse  reaction,  AH  = 7.23. 

F^HeN^SKc) 

(SiF^.2NH^) 

From  dissoc.  pressiure  meas.  [468]  reports  for:  SiF^*2NHj(c)  = SiF^(g)  + 2NHj(g), 

AH  = 18.2. 

F^^H^O^ZpCc) 

(ZtF^-SH^O) 

For  the  reaction;  ZrF^(c)  + 3H20(l)  = ZrF^*3H20(o),  [469]  meas.  AH  = -1.644. 

FjH^NZtCo) 

(NH^ZtFj) 

From ‘thermal  decompn.  stxidies  [470]  reports  AH  = 25  for  the  decomposition  to  ZrF.(c), 

4 

F^H^N2P(c) 
(NH.PF, -NH,) 

4 0 i 

[471,  472]  report  v.p.  stiidies  of  the  system  NH^PF^  - NH^. 

F^HgN2Si(c) 

((NH^)2SiF^) 

-629.7  [9] 

[588]  meas.  the  solubility  in  H2O  vs.  T. 

FgHgN2Zr(c) 

((NH^)2ZrF^) 

For  the  decomposition  to  NH^ZrFj,  [470]  reports  AH  = 21. 

F^H^2“32r('=) 

((NH^)jZtF^) 

For  the  decoiqjosition  to  (NH^)2ZrF^,  [470]  reports  AH  = 21. 

b.  Confounds  of  five 

elements . 

A1FjH2K20(c) 

(A1F2*2KF*H20) 

[576]  studied  thermal  decomposition.  [576]  studied  equilibrium  with  HF(aq) 

^^5V2V2(=) 

(A1Fj-2NH^F-3/2H20) 

-673.7  [9] 

A1F^H^K30.^^2('=) 

(A1F2-3KF-7/2H20) 

-1033.6  [9] 

AiF^a^a2a7/2(°) 

(NagAlF^-7/2H20) 

-1021.0  [9] 

BCF2R30(g) 

[473]  calc.  AH  vap. 

(BF2OCH3) 

BCF2EjO(t) 

[473]  meas.  v.p.  See  [520]. 

BCFjHN(c) 

(HCN*BFj) 

-264.9  [29] 

[520]  reviews  dissoc.  pressure  meas. 

BF2H^NSi2(g) 

((SiH3)2NBF2) 

BF2H^NSi2(t) 

[397]  meas.  v.p.,  and  est.  AH  association  = +7.5.  [520]  reviews  v.p.  data. 

BF2HK0(c) 

-430.3  [29] 

[475]  meas.  AH  hydr. 

(KBFjOH) 

-419.3  [475] 

249 


TABLE  4.  QUATERHARY  AND  HIGHER  FLUORIDES  (continued) 


Compounds  AHf|gg  (koal/mole)  Remarks 

BFgHHaO(c)  [29,  520]  review  v.p.  and  dissoc.  pressure. 

BFgHgNSij(i)  [474]  meas.  the  dissoc.  pressure  for;  (SiH2)gNBF2(l)  = (SiHg)gN(t)  + BF^Cg). 

( (SiH2)2N"BFg)  reviews  dissoc.  pressure  meas. 


BgFjHgNgSi^  (c) 
((SiH^NBF)g) 

[397]  meas.  v.p. 

®3^4™2°4'‘=^ 

-889.8  [29] 

[475]  meas.  AH  hydr. 

(K2BjF^020H) 

-857.7  [475] 

BrCClFH(g) 

(CHFClBr) 

[354]  est.  AHf°gg  = -61. 

BrCClFI(g) 

(CFClBrl) 

[354]  est.  AHf°gg  = -38. 

BrCFHl(g) 

(CHFBrl) 

[354]  est.  AHfOgg  = -36. 

CClFHI(g) 

(CHFCII) 

[354]  est.  AHfOgg  = -46. 

“1^2«2ntl°n('=) 

(CHClF2-nH20) 

See  [446]  for  dissoc.  pressures 

CCl2FHgSi(g) 

(SiHjCFCl2) 

CCl2FH2Si(t) 

[9]  lists  AH  vap. 

CCl2FHg50^.^(c) 

(CHC12F-17H20) 

[476]  meas.  dissoc.  pressure. 

'^°W2n°n(-=) 

(CCl2F2-nH20) 

See  [446]  for  dissoc.  pressures 

“l3™2n°n(=) 

(CClgF.nH20) 

See  [446]  for  dissoc.  pressures 

CF2H^0P(1) 

(CH2POF2) 

[477]  meas.  AH  fus. 

CF2HjOP(c) 

[478]  meas.  v.p. 

CF2NPS(g) 

CF2NPSU) 

[9]  lists  AH  vap. 

CoFgH^^jO(c) 

([Co(NH^)^H20]F2) 

-435.7  [9] 

F^H^MgO^Si(c) 

(hfeSiF^-6H20) 

[588]  meas.  solubility  vs.  T. 

(ZnSiF^*6H20) 

[588]  meas.  solubility  vs.  T. 

[520] 
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TABLE  4.  QUATERNARY  AND  HIGHER  FLUORIDES  (continued) 


Compounds  AHf|gg  (kcal/mole^ 

Remarks 

c . Compounds  of  six  elements . 

AlF2KMg30^QSi3U) 

(KMgjAlSl^O^pF) 

[480]  reports  AH  fus.  [481]  reports  AH  crystn. 

AlF2KMg303^gSi3(c)  -U98.1  ± 1 [480] 

[48O]  meas.  AH  soln.  in  HF(aq).  [17]  list  AHf°gg  = -1497.0  ± 1. 

BCF2H^NS1(c) 

(CH3SiH3NBF2) 

[397]  meas.  v.p.  and  est.  AH  association  = -1.5. 

[482]  reports  AH  crystn. 

[482]  reports  AH  crystn. 

CClFH30P(g) 

(CH3POCIF) 

CClFH30P(t) 

CCIFHjOPCc) 

[477]  meas.  AH  fus. 

[478]  meas.  v.p. 

V2>'2'fe6°19^^6(=) 

[482]  reports  AH  crystn. 

d.  Compounds  of  seven  elements. 

Al2BaCF^ffe6°2lSi6(=) 

[482]  reports  AH  crystn. 

Al2F^Fe3K2f%3039Si6(c) 

[482]  reports  AH  crystn. 

BBaF2UMg203oSi3(c) 

[481,  482,]  report  AH  crystn. 

BCF3H3NOS(c) 

(CH3NS0-BF3) 

[483]  meas.  dissoc.  pressure  for;  CH3NS0-BF3(c)  = CE^NSOCg)  + BF3(g).  Using  the 
data  of  [483],  [29]  reported  AH  dissoc.  = 32.8.  See  [520]. 

[482]  reports  AH  crystn. 

e.  Compounds  of  eight  elements. 

[482]  reports  AH  crystn. 

®2^2‘=^4^2'fe4°22Si6(=) 

[481,  482]  report  AH  crystn. 

B2CCa2F4Ll2Mg4022Si.(c) 

[482]  reports  AH  crystn. 

®2'^^4^"2'^4°22Si6S^2(") 

[482]  reports  AH  crystn. 

Ca3  ^2™^  /2^1/2”“°23®^8  ^ 

(Richterite) 

[479]  mees.  decomposition  to  pyroxene,  glass,  and  water  and  reports  AH  = 6.85. 
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TABLE  5.  AQUEOUS  FLUORIDE  ION 


Species 

AHf|gg  (kcal/mole) 

Remarks 

F"(aq) 

-78.66  [9] 

For  the  equilibrium:  H"*’(aq)  + F (aq)  ^ HF(aq),  [16]  lists  AH  = 3.05,  3.18;  log  K 
(25  values).  [195,  589]  calc.  AH  hydration  of  F~(g) . See  also  HF~(aq),  HF(aq),  and 
individual  metal  ion  species. 

TABLE  6. 

BINARY  AQUEOUS  SPECIES 

Species 

AHf|gg  (kcal/mole) 

Remarks 

AgF(aq) 

-53.35  [9] 
(var) 

For  the  equilibrium:  Ag'*’(aq)  + F~(aq)  ^ AgF(r.q),  [16]  lists  AH  = -2.4;  log  K 

(5  values) . 

AlF'^^(aq) 

For  the  equilibrium:  Al^^(aq)  + F (aq)  ^ AlF^^(aq),  [16]  lists  AH  = 1.15;  log  K 

(3  values).  [484]  recalc,  the  data  for  this  reaction  and 'reports  AH  = 1.17.  [488] 

calc.  AH  = 1.06.  See  AlF2(aq) . 

AlF^Caq) 

For  the  equillbrivun:  AlF'*'^(aq)  + F (aq)  ^ AlF*(aq) , [16]  lists  AH  = 0.78;  log  K 

(2  values).  [488]  calc.  AH  = 0.92.  [484]  recalc . data  for  the  equilibrium: 

Al^^(aq)  + 2F  (aq)  ^ AlF2(aq),  and  reports  AH  = 1.97.  See  AlFj(aq). 

AlFj(aq) 

-361.4  [9] 

For  the  reaction:  Al(c)  + 3HF(aq,12%)  = AlFj(aq)  + 3/2  H2(g),  [485]  meas . AH  = 

-124.4  ± 1.  For  the  reaction:  Al(c)  + 3HF(aq,10^)  = AlFj(aq)  + 3/2  H2(g),  [486] 

meas.  AH  = -139.2.  For  the  equilibriiun:  AlF2(aq)  + F (aq)  AlFg(aq),  [16]  lists 

AH  = 0.19;  log  K (2  values).  [484]  calc.  AH  = 0.18.  [484]  recalc.  data  for  the 
equilibrium:  A1  (aq)  + 3F  (aq)  ^ AlF2(aq),  and  reports  AH  = 2.18.  See  AlF^(aq), 
(Al2F^)(aq). 

AlF”(aq) 

For  the  eq\iillbrium:  AlF2(aq)  + F~(aq)  AlF~(aq),  [16]  lists  AH  = 0.28:  log  K 

(2  values).  [488]  calc.' AH  = O.O4.  [484]  recalc.  data  for  the  equilibrium: 

Al'*’^(aq)  + 4F  (aq)  ^ AlF~(aq),  and  reports  AH  = 2.14.  See  AlF~^(aq),  AlFg^(aq). 

AlF~^(aq) 

For  the  equilibrium:  AlF~(aq)  + F~(aq)  jT  AlF~^(aq),  [16]  lists  AH  = -0.75;  log  K 

(2  values).  [484]  calc.  AH  = -0.36.  [484]  recalc.  data  for  the  equilibrium: 

Al^^(aq)  + 5F  (aq)  AlF^^(aq),  and  reports  AH  = 2.27.  See  AlFg^(aq). 

AlF'^(aq) 

For  the  equilibrium:  AlF~^(aq)  + F~(aq)  ^ AlFg^(aq),  [16]  lists  AH  = -1.55;  log  K 

(1  value).  [488]  discusses  the  equilibrium.  For  the  equilibrium;  Al^^(aq)  + 

— —3 

6F  (aq)  ^ AlF£^'^(aq),  [16]  lists  log  K.  [484]  recalc.  data  for  this  reaction  and 
reports  AH  = -1.24-  See  Al2F£^(aq). 

All^"°{aq) 

See  [488]  for  a general  review  of  Al-F  complexes. 

Al2Fg(aq) 

(Al(AlF^)) 

For  the  equilibriinn:  Al^^(aq)  + AlF^^(aq)  ^ Al(AlF^) (c ) , [16]  lists  log  K sp  (1 

value ) . 

AmF^Caq) 

See  [106]. 

AmFj(aq) 

See  [ 106 ] . 

AuFj(aq) 

[131]  meas.  AH  hydr.  of  AuFg(c) 

BFj(aq) 

-289.8  [9] 
-292.2  [29] 

See  Eff'7(aq). 
4 
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TABLE  6.  BINARY  AQUEOUS  SPECIES  (continued) 


Species 

AHf|gg  (kcal/“ole) 

Remarks 

BF'^(aq) 

-365  [9] 
-371.7  [29] 

[351]  ceilc.  AHf|gg  =-342.  For  the  equilibrluai:  BF^(aq)  + F~(aq)^  BF~(aq),  [16] 

lists  log  K.  For  the  equilibrium:  BF^OH  (aq)  + HF(aq)  j;  BF~(aq)  + H20(t), 

[16]  lists  AH  = -3.23;  log  K (8  values).  For  the  equilibrium:  BF~(aq)  + 3H20(l)  ^ 

H2B02(aq)  + 3H^(aq)  + 3F  (aq),  [489]  meas.  K,  and  reports  AF  reac.,  and 
AFf|gg  of  BF~(aq)  = -352.  For  this  reaction,  [16]  lists  log  K (1  value). 

BaF^(aq) 

For  the  equilibrium:  Ba  (aq)  + F (aq)  ^ BaF  (aq),  [16]  lists  log  K (2  values). 

BaF2(aq) 

-286.0  [9] 

For  the  equilibrium:  Ba'''^(aq)  + 2F"(aq)  ^ BaF2(c),  [16]  lists  log  K sp  (4  values). 

BeF^  (aq) 

+2  _ ^ 

For  the  equilibrium:  Be  (aq)  + F (aq)  BeF  (aq),  [16]  lists  log  K (2  values). 

For  the  equilibrium;  Be^^(aq)  + HF(aq)  ^ BeF^(aq)  + H^(aq),  [16]  lists  AH  = -3.40; 
log  K (4  values).  See  BeF2(aq). 

BeF^Caq) 

-251.4  [9] 

+ “ "^2  ” 

For  the  equilibria;  BeF  (aq)  + F (aq)  ^ BeF2(aq),  and  Be  (aq)  + 2F  (aq)  ^ 

BeF2(aq),  [16]  lists  log  K (1  value,  each).  For  the  equilibrium:  BeF^(aq)  + 

HF(aq)  ^ BeF2(aq)  + H^(aq),  [16]  lists  AH  = -1.735;  log  K (4  values).  See  BeFj(aq). 

BeF~(aq) 

For  the  equilibria:  BeF„(aq)  + F (aq)  ^ BeFl(aq),  and  BeF2(aq)  + HF(aq)  ^ 
BeF2(aq)  + H (aq),  [16]  lists  log  K (1  and  4 values,  resp.).  See  BeF^  (aq). 

BeF“^(aq) 

— — —2 

For  the  equilibrium:  BeFj(aq)  + F (aq)  ^ {m)5  [16]  lists  log  K (1  value). 

CaF^ (aq) 

+2  — ^ 

For  the  equilibrium;  Ca  (aq)  + F (aq)  ^ CeiF  (aq),  [16]  lists  log  K (2  values). 

CaF2(aq) 

-287.09  [9] 

+2  — ^ 

For  the  equilibria:  CaF_(c)  ^ Ca  (aq)  + 2F  (aq),  and  CaF_(c)  + H (aq)  ^ 

+2  ^ ^ 

Ca  (aq)  + 2HF(aq),  [16]  lists  log  K (6  values,  and  2 values,  resp.). 

CdF'^(aq) 

[16]  lists  log  K (2  values)  for  the  equilibrixmo:  Cd^(aq)  + F~(aq)  ^ CdF^(aq).  See 

CdF2(aq) . 

CdF2(aq) 

-173.6  [9] 

[16]  lists  log  K (1  value)  for  the  equilibrium:  CdF^(aq)  + F~(aq)  ^ CdF2(aq). 

CdF^j'^aq) 

[16]  lists  log  K (1  value)  for  the  equilibrium;  Cd^^(aq)  + 12F~(aq)  ^ CdF^2^(aq). 

CeF'^^(aq) 

[16]  lists  log  K (3  values)  for  the  equilibrium;  Ce^^(aq)  + F (aq)  ^ CeF^^(aq). 
For  the  equilibrium;  Ce^^(aq)  + HF(aq)  ^ CeF^^(aq)  + H^(aq),  [16]  lists  AH  = -0.5; 
log  K (1  value).  [181]  calc.  AFf^gg  of  CeF^^(aq)  = -242. 

CeFj(aq) 

[181]  meas.  K sp  for  the  equilibrium;  CeF^ •■^H20(c)  ^ Ce^^(aq)  + 3F~(aq)  + •^H20(t). 

CmF2(aq) 

See  [106]. 

CmF2(aq) 

See  [106]. 

CoF2(aq) 

CrF'^^(aq) 

-173.6  [9] 

[16]  lists  log  K (2  values)  for  the  equilibrixmi:  Cr^^(aq)  + F~(aq)  ^ CrF^^(aq).  For 

the  equilibrium;  Cr^^(aq)  + HF(aq)  ^ CrF'*’^(aq)  + H^(aq),  [16]  lists  AH  = -0.6; 
log  K (1  value).  See  CrF2(aq). 

CrF2(aq) 

[16]  lists  log  K (1  value)  for  the  equilibrium:  CrF"*’^(aq)  + F~(aq)  ^ CrF2(aq) . For 
the  equilibrium;  CrF^^(aq)  + HF(aq)  ^ CrF2(aq)  + H"'’(aq),  [16]  lists  AH  = -0.1; 
log  K (1  value).  See  CrFj(aq). 

CrFj(aq) 

[16]  lists  log  K (1  value,  each)  for  the  equilibria:  CrF2(aq)  + F~(aq)  ^ 

CrF2(aq),  and  CrF2(aq)  + HF(aq)  ^ CrF2(aq)  + H"''(aq) . 

CsF(aq) 

-137.9  [9] 

(var) 

[195,  619]  calc.  AH  hydration  of  ions.  [487]  calc,  free  energy  of  hydration  of  ions. 
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TABLE  6.  BINARY  AQUEOUS  SPECIES  (continued) 


Species 


CuF^(aq) 


FeF^ (aq) 
FeF'^^(aq) 


FeF^Caq) 


FeF2(aq) 

FeFj(aq) 

FeF“(aq) 

FeF"^(aq) 

FeF“^(aq) 

GaF'^^(aq) 

GaF2(aq) 

GaFj(aq) 

GdF'^^(aq) 


HF(aq) 


HF'Caq) 

HgF’^  (aq) 

(aq) 

InF^^(aq) 


ART|gg  (kcal/mole)  Remarks 

For  the  equilibrium:  Cu  (aq)  + F (aq)  CuF  (aq),  [16]  lists  AH  = 0.9;  log  K 

(5  values).  [490]  meas . AH  = 0.9  ± 2.7,  and  K.  For  the  equilibrium:  Cu'*^^(aq)  + 
HF(aq)  CuF'*'(aq)  + H'^(aq),  [490]  meas.  AH  = -2.6  ± 2.7,  and  K. 

+2  “ + 

[16]  lists  log  K (1  value)  for  the  equilibrium:  Fe  (aq)  + F (aq)  ^ FeF  (aq) . 

For  the  equilibrium:  Fe^^(aq)  + F (aq)  ^ FeF'*”^(aq),  [16]  lists  AH  = 7.5,  and  2.33; 
log  K (11  values).  For  the  equilibrium:  Fe^^(aq)  + HF(aq)  FeF^^(aq)  + H^(aq), 

[484]  meas.  AH  = -0.58  ± 0.07.  For  the  same  reaction  [16]  lists  AH  = -0.62;  log 
K (5  values).  [491]  meas.  K.  See  FeF2(aq). 

For  the  equilibrium:  reF'*’^(aq)  + HF(aq)  ^ FeF2(aq)  + H^(aq),  [484]  meas.  AH  = -1.66 

± 0.1.  For  the  same  reaction  [16]  lists  AH  = -1.65:  log  K (5  values).  [491]  meas. 
K.  For  the  equilibrium:  FeF^^(aq)  + F (aq)  ^ FeF2(aq),  [16]  lists  AH  = 1.77; 

log  K (7  values).  See  FeF^(aq). 

-177.8  [9] 


-243.1  [9] 


-78.66  [9] 
(var) 


-153.6  [9] 


For  the  equilibrium:  FeF2(aq)  + HF(aq)  ^ FeFj(aq)  + H^(aq),  [484]  meas.  AH  = -2.03 

± 0.20.  For  this  reaction  [16]  lists  log  K (5  valueg).  [491]  meas.  K.  For  the 

equilibrium:  FeF2(aq)  + F~(aq)  FeF^(aq),  [16]  lists  AH  = 2.98;  log  K (6  values). 

See  FeF,(aq). 

4 

For  the  equilibrium:  reF,(aq)  + F~(aq)  FeF~(aq),  [16]  lists  log  K (1  value).  See 

FeFf(aq). 

For  the  equilibrium:  FeF~(aq)  + F~(aq)  ^ FeFj^(aq),  [16]  lists  log  K (1  value). 

[16]  lists  log  K for  the  equilibrium:  HFeF^^(aq)  ^ FeFg^(aq)  + H^(aq). 

For  the  equilibrium:  Ga  (aq)  + F (aq)  ^ GaF  (aq),  [16]  lists  log  K (2  values). 

For  the  equilibrium:  Ga'*'^(aq)  + HF(aq)  ^ GaF^^(aq)  + H^(aq),  [16]  lists  AH  = -0.5, 
and  -I.3O:  log  K (5  values).  See  GaF2(aq). 

For  the  equilibrium:  GaF^^(aq)  + HF(aq)  ^ GaF2(aq)  + H^(aq),  [16]  lists  AH  = -1.49; 

log  K (4  values).  See  GaF^(aq). 

For  the  equilibrium:  GaF2(aq)  + HF(aq)  ^ GaFj(aq)  + H^(aq),  [16]  lists  AH  = -5.50; 

log  K (4  values). 

For  the  equilibria:  Gd^^(aq)  + F (aq)  ^ GdF^^(aq),  and  Gd^^(aq)  + HF(aq)  GdF"''^(aq) 

+ H^(aq),  [16]  lists  log  K (2  values,  and  1 value,  resp.).  [181]  reports 
AFf|gg  = -236.5. 

For  the  equilibrium:  H'*’(aq)  + F (aq)  ^ HF(aq),  [16]  lists  AH  = 3.05,  and  3.18:  log  K 

(25  values).  [491]  meas.  AH  ionization.  [590]  meas.  pH  vs.  concentration.  Heats 
of  soln.  of  various  substances  in  HF(aq)  have  been  determined  by  [310,  311,  498,  591, 
592,  593,  594,  595,  596,  597,  598].  See  HF2(aq). 

For  the  equilibrium:  HF(aq)  + F”(aq)  ^ HF2(aq),  [16]  lists  AH  = 5.07;  log  K 

(19  values) . 


For  the  equilibrium:  Hg^^(aq)  + F~(aq)  ^ HgF^(aq),  [16]  lists  AH  = 0.85;  log  K 

(4  values) . 

+2  — ^ 

For  the  equilibrium:  Hg2  (aq)  + F (aq)  Hg2F  (aq),  [16]  lists  log  K (2  values). 

For  the  equilibrium:  In^^(aq)  + F~(aq)  ^ InF^^(aq),  [16]  lists  AH  = 2.47;  log  K 
(6  values).  For  the  equilibrium:  In^^  + HF(aq)  InF^^(aq)  + H^(aq),  [16]  lists 

AH  = -O.5I;  log  K (3  values).  See  also  [599].  See  InF2(aq) . 
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TABLE  6.  BINARY  AQUEOUS  SPECIES  (continued) 


Species 

AHf^gg  (kcal/mole) 

Remarks 

InF2(aq) 

For  the  equilibrium:  InF  (aq)  + F (aq)  ^ InF2(aq),  [16]  lists  AH  = 4.0;  log  K 

(6  values).  For  the  equilibrium:  InF^^(aq)  + HF(aq)  ^ InF2(aq)  + H^(aq),  [16]  lists 

AH  = 1.0;  log  K (3  values).  See  also  [599].  See  InF3(aq). 

InFjCaq) 

For  the  equilibrium:  InF2(aq)  + F (aq)  InF3(aq),  [16]  lists  log  K (2  values). 

See  also  [599].  See  InF~(aq) . 

4 

InF”  (aq) 

For  the  equilibriim;  InF3(aq)  + F~(aq)  InF~(aq),  [16]  lists  log  K (1  value). 

See  also  [599]. 

KF(aq) 

-138.7  [9] 
(var) 

[492]  reports  AH  dilution.  [195]  calc.  AH  soln.  [619]  calc.  AH  hydration  of  ions. 
[487,  600]  calc.  AP  hydration  of  ions.  [601]  reviews  degree  of  dissoc. 

LaF'^^(aq) 

For  the  equilibria:  la^^(aq)  + F (aq)  ^ LaF^^(aq),  and  La^^(aq)  + HF(aq) 

LaF^^(aq)  + H^(aq),  [16]  lists  log  K (2  values  and  1 value,  reap.). 

LaF2(aq) 

[181]  gives  K sp,  and  AH  soln. 

UF(aq) 

-145.21  [9] 
(var) 

[622]  meas.  AH  neutralization  of  LiOH(aq)  and  HF(aq).  [622,  233]  meas . AH  soln. 
[195,  619,  620]  calc.  AH  hydration  of  ions.  [487]  calc.  AF  hydration  of  ions. 

MgF'^  (aq) 

For  the  equilibrium:  Mg^^(aq)  + F (aq)  ^ MgF^(aq),  [16]  lists  AH  = 4:  log  K 

(3  values).  See  [493].  For  the  equilibrium;  Mg^^(aq)  + HF(aq)  MgF^(aq)  + H^(aq), 
[493]  lists  K. 

For  the  equilibriim;  MgF2(c)  ^ Mg^^(aq)  + 2F~(aq),  [16]  lists  K sp  (2  values). 

MnF'^^(aq) 

For  the  equilibrium:  Mn^^(aq)  + HF(aq)  ^ MnF^^(aq)  + H^(aq),  [16]  lists  log  K 

(1  value) . 

MnF2(aq) 

-209.2  [9] 

MnF2(aq) 

-260  [9] 

' 

MnF^(aq) 

[239]  meas.  AH  soln.  of  MnF^-4H20. 

MoF£^(aq) 

See  F2Mo02(aq) . 

NaF(aq) 

-135.94  [9] 
(var) 

[256]  meas.  AH  soln.  in  HCl(aq).  [195,  619]  calc.  AH  hydration  of  ions.  [487]  calc. 
AF  hydration  of  ions.  See  also  [258]. 

NiF^(aq) 

For  the  equilibrium;  Ni^^(aq)  + F~(aq)  ^ NiF^(aq),  [16]  lists  log  K (1  value). 

NiF2(aq) 

-171.5  [9] 

NpF^(aq) 

See  [555]. 

PbF'^(aq) 

+2  — . ^ 

For  the  equilibrium:  Pb  (aq)  + F (aq)  ^ PbF  (aq),  [16]  lists  log  K (2  values). 

See  [490]. 

PbF2(aq) 

-155.7  [9] 

For  the  equilibrium:  PbF2(c)  ^ Pb''’^(aq)  + 2F~(aq),  [16]  lists  K sp  (4  values). 

[602]  meas.  solubility  of  PbF2(c).  See  also  [282]. 

PuF'''^(aq) 

+Z.  +3 

For  the  equilibrium:  Pu  ^(aq)  + F (aq)  PuF  (aq),  [16]  lists  log  K (2  values). 

PuFj(aq) 

-374.6  [9] 

[288]  meas.  AH  pptn  of  PuF3(c). 

RbF(aq) 

-137.6  [9] 
(var) 

[195,  619]  calc.  AH  hydration  of  ions. 

SbF3(aq) 

-216.1  [9] 
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TABLE  6.  BINARY  AQUEOUS  SPECIES  (continued) 


Species 

AHf|gg  (kcal/mole) 

Remarks 

ScF^^(aq) 

For  the  equilibrium ;Sc^^ (aq)  + F (aq)  ^ ScF^^(aq),  [16]  lists  AH  = 0.40;  log  K 
(4  values).  See  [494].  For  the  equilibrium:  Sc"'’^(aq)  + HF(aq)  ^ ScF^^(aq)  + H^(aq), 
[495]  meas.  K and  calc.  AH  = -4-48  ± 0.05.  See  ScF2^(aq) . 

ScFjCaq) 

For  the  equilibrium :ScF'*'^(aq)  + F (aq)  ^ScF2(aq),  [16]  lists  AH  = -1.23;  log  K 
(4  values).  See  [494].  For  the  equilibrium:  ScF^^(aq)  + HF(aq)  ScF2(aq)  + H^(aq), 

[495]  meas.  K and  calc.  AH  = -3.23  ± 0.05.  See  ScF^(aq) . 

ScFj(aq) 

For  the  equilibrium:  ScF2(aq)  + F~(aq)  ^ ScF2(aq),  [16]  lists  AH  = -1.26;  log  K 

(4  values).  See  [494].  For  the  equilibrium:  ScF2(aq)  + HF(aq)  ScF^(aq)  + H^(aq), 

[495]  meas.  K and  calc.  AH  = -1.59  ± 0.05.  See  ScF^“(aq) . 

ScF“(aq) 

For  the  equilibrium:  ScF^(aq)  + F~(aq)  ScF~(aq),  [16]  lists  log  K (4  values).  For 

the  equilibrium;  ScF2(aq)  + HF(aq)  ^ ScF^(aq)  + H^(aq),  [495]  meas.  K. 

SiF^(aq) 

For  the  equilibrixun:  Si(OH)^  + 4HF(aq)  SiF^(aq)  + 4H20(t),  [16]  lists  log  K 

(1  value).  See  SiF^^(aq). 

SiF“(aq) 

See  SiFg^(aq),  Si2F^Q(aq). 

SiF^^  (aq) 

-558.5  [9] 

For  the  equilibrium;  SiF^(aq)  + 2F~(aq)  ^ SiF^^(aq),  [16]  lists  log  K (2  values) 
derived  from  the  equilibria:  1)  SiF^(aq)  + F~(aq)  ^ SiFg(aq);  2)  SiF^(aq)  + F~(aq) 

^ SiF^^(aq).  [16]  lists  log  K for  the  equilibrium  Si(OH)^  + 6HF(aq)  ^ SiFg^(aq)  + 
2H^(aq)  + 4H20(t).  [496]  recalculated  previous  data  for  the  equilibrium; 

SiF^^(aq)  + 2H20(i)  Si02(aq)  + 4H^(aq)  + 6F  (aq)  and  reported  AH|gg  = 17.3,  and 
log  K vs.  t.  See  Si2F2Q(aq). 

Si2FiQ(aq) 

(SiF^-SiF^) 

For  the  reaction;  4H'^(aq)  + 5SiF^^(aq)  + SiOj  ^ 2H20(t)  + 3[SiF^-SiF^]”^(aq),  [497] 
meas.  AH  = -5  kcal/mole  SiO^, and  log  K. 

SnF^(aq) 

+2  _ ^ 

For  the  equilibrium;  Sn  (aq)  + F (aq)  ^ SnF  (aq),  [16]  lists  log  K (2  values). 

SnF“(aq) 

+2  — — 

For  the  equilibrium:  Sn  (aq)  + 3F  (aq)  SnFg(aq),  [16]  lists  log  K (2  values). 

SnF‘^(aq) 

-474.7  [9] 

+Z.  — —2 

For  the  equilibrivan;  Sn  ^(aq)  + 6F  (aq)  ^ SnF^  (aq),  [16]  lists  log  K (1  value). 

SrF2(aq) 

For  the  equilibriimi;  SrF2(c)  ^ Sr^^(aq)  + 2F~(aq),  [16]  lists  K sp  (4  values). 
[603]  meas.  solubility. 

TaFj(aq) 

For  the  reaction;  Ta(c)  + 5HF(aq,  1.7  H^O)  = TaFj(aq)  + 5/2  H2(g)  [498]  meas.  AH  = 
-99.66. 

ThF'^^(aq) 

For  the  equilibria:  'n/’^(aq)  + F~(aq)  ^ ThF'*’^(aq),  and  Th"'’^(aq)  + HF(aq)  ^ 

ThF^^(aq)  + H^(aq),  [16]  lists  log  K (1  value  and  3 values,  resp.).  See  ThF2^(aq). 

ThF^^(aq) 

For  the  equilibrium:  ThF'^^(aq)  + HF(aq)  ^ ThF2^(aq)  + H'*'(aq),  [16]  lists  log  K 

(2  values).  For  the  equilibrium:  ThF^(H20)^(c)  + 2H'^(aq)  ;+  ThF2^(aq)  + 2HF(aq)  + 

4H20(i),  [16]  lists  log  K (1  value).  See  ThF[^(aq) . 

ThFjCaq) 

For  the  equilibrixm:  ThF2^(aq)  + HF(aq)  ThF^(aq)  + H"*^(aq)  [16]  lists  log  K (1  value). 

TlF(aq) 

-77.3  [9] 

[16]  lists  log  K (1  value)  for  the  equilibrium:  Tt^(aq)  + F~(aq)  ^ TtF(aq).  [56] 

meas.  AH  soln.  (TtF  in  800  H2O)  = -0.5  ± 0.2. 

TtF^Caq) 

For  AH  hydrolysis  [131]  meas.  -8.4. 

UF'''^(aq) 

For  the  equilibrium;  U^^(aq)  + HF(aq)  UF^^(aq)  + H^(aq)  [16]  lists  log  K (1  value). 

U?2^(aq) 

For  the  equilibrium: . U'*''^(aq)  + 2HF(aq)  UF2^(aq)  + 2H'*'(aq)  [I6]  lists  log  K 

(1  value) . 
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TABLE  6.  BINARY  AQDEODS  SPECIES  (continued) 


Species 

AHf°gg  (koal/mole)  Remarks 

YF'^^(aq) 

For  the  equillbrlumi  I^^(aq)  + F (aq)  Ji  YF'*’^(aq)  , [499]  meas.  K.  For  the  reaction: 
Y^^(aq)  + HF(aq)  ^ YF'^^(aq)  + H'^(aq)  , [499]  meas.  K and  calc.  AH  = -0.93  ±0.55. 

See  YFjCaq) . 

For  the  equilibria:  l)  YF'^^(aq)  + F"(aq)  i±  YF^Caq)  ; 2)  YF'^^(aq)  + HF(aq) 
YF^(.&q)  + H''’(aq)  , [499]  gives  K.  See  YFj(aq). 

IF^Caq) 

For  the  equilibria:  YF^Caq)  + F (aq)  ^ YF2(aq),  and  YF2(aq)  + HF(aq)  3±  YFg(aq)  + 
h'^ (aq)  , [499]  gives  K. 

ZnF^(aq) 

For  the  equilibrium:  Zn^^(aq)  + F (aq)  5±  ZnF^(aq)  , [l6]  lists  AH  = 1.5; 
log  K (5  values).  For  Zn^^(aq)  + HF(aq)  ZnF^(aq)  + H'*'(aq)  , [490]  meas.  K 

and  calc.  AH  = -2.3  ± 2.4- 

ZnF2(aq) 

-187.9  [9] 

ZrF'^^(aq) 

For  the  equilibria:  Zr^^(aq)  + F (aq)  ZrF^^(aq)  , and  Zr^^(aq)  + HF(aq) 

ZrF^^(aq)  + H^(aq) , [l6]  lists  log  K (1  value  each).  See  ZrF2^^(aq) . 

ZrF2^^(aq) 

For  the  equilibrium:  ZrF^^(aq)  + HF(aq)  ZrF„'*'^(aq)  + H^(aq)  , [l6]  lists  log  K 

4*  ^ 

(l  value)  . See  ZrFj(aq)  . 

ZrF^(aq) 

For  the  equilibrium:  ZrF2^^(aq)  + HF(aq)  ZrFg(aq)  + H'*’(aq)  , [l6]  lists  log  K 

(l  value). 
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TABLE  7.  TERNARY  AQUEOUS  SPECIES 


Species 


AHf|gg  (kcal/mole) 


Remarks 


AgF2H(aq) 

(AgHTg) 

-130.8  [9] 

AlFgHjCaq) 

(HjAlFg) 

-597.2  [9] 

AlFgKg(aq) 

(K^AlFg) 

-775.5  [9] 

AlFgNa^Caq) 

(Na^AlFg) 

[256]  meas . AH  soln.  of  Na^AlF^^Cc), 

BCsF^(aq) 

(CsBF^) 

[349]  calc,  AH  soln.  of  CsBF,(c)  from  solubility. 

4 

BF^H(aq) 

(HBF^) 

-365  [9] 

[ 604 ] meas , K hydr . 

BF^K(aq) 

(KBF^) 

[349]  calc.  AH  soln.  of  KBF,(c).  [351]  est.  AH  soln.  of  KBF,(c).  [350]  meas. 

4 4 

AHf^gg  of  KBF^(c)  from  solution  calorimetry. 

ClFPb(aq) 

(PbFCl) 

[390]  meas.  K sp  and  AF  soln.  for  PbClF(c).  [282]  meas.  AH  soln.  of  PbClF(c). 

CrF.O  (aq) 
(Cr02F2) 

[509]  meas.  K for  the  equilibrium:  Cr02F2(aq)  + H20(i)  ^ Cr02(aq)  + 2HF(aq). 

CsF2H(aq) 

(CSHF2) 

-212.8  [9] 

FH^N(aq) 

(NH^F) 

-110.40  [9] 

(var) 

[399]  calc.  AF  soln.  of  NH,F(c). 

4 

FOTi'^(aq) 

(TiOF'^) 

[16]  lists  log  K (1  value)  for  the  equilibrium:  TiO"*’^(aq)  + F~(aq)  ^ Ti0F"*^(aq) . 
See  F20Ti(aq),  FgOTi'(aq),  F^0Ti“^(aq). 

FOV'*'(aq) 

(vof"^) 

[16]  lists  log  K (1  value)  for  the  equilibrium:  VO^^(aq)  + F~(aq)  ^ VOF^(aq) . 

F02U'^(aq) 

(U02F^) 

[16]  lists  log  K (4  values)  for  the  equilibrium:  U02"*"^(aq)  + F~(aq)  ^ U02F"*'(aq) 

For  the  equilibrium:  U02'*'^(aq)  + HF(aq)  ^ U02F"*'(aq)  + H'*^(aq),  [16]  lists  AH  = 

-5.4  and  log  K (9  values).  See  U02F2(aq). 

F02S”(aq) 

[462]  reports  AH  hydr.  of  SO^F”  gas  ion. 

F2HK(aq,  200  H2O) 
(KHF2) 

-213.4  [9] 

(var) 

[605]  reports  solubility  of  KF  in  HF(aq). 

F2HLi(aq,  4OO  H2O) 
(LiHF2) 

-220.4  [9] 

[605]  reports  solubility  of  LiF  in  HF(aq) . 

F2HHa(aq) 

(NaHF2) 

-211.2  [9] 

[605]  meas.  solubility  of  NaF  in  HF(aq). 

F2HRb(aq) 

(RbHF2) 

[9]  est.  AHf°gg  = -212.5. 

F2HTl(aq) 

(TIHF2) 

-152.5  [9] 
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TABLE  7.  TERNARY  AQUEOUS  SPECIES  (continued) 


Species 

AHf°gg  (kcal/mole) 

Remarks 

F2H5N(aq) 

(NH^HF2) 

[410]  calorimetrically  meas.  AH  soln.  of  NH^HF2(c),  AH  diln.  of  NH^HF2,  and 
AH  neutralization  of  NH^  and  HF  (1:2). 

F2Mo02(aq) 

(M302F2) 

[509]  meas.  K for  the  equilibrium:  MoFg(aq)  + 2H20(l)  ^ Mo02F2(aq)  + 4HF(aq). 

F20Tl(aq) 

(TiOF2) 

[618]  meas.  K for  the  equilibrium:  TiOF^(aq)  + F~(aq)  ^ Ti0F2(aq). 

F 0 U(aq) 
(UO2F2) 

For  the  equilibrium:  U02F'^(aq)  + F‘(aq)  U02F2(aq),  [16]  lists  log  K (3  values). 

[509]  meas.  K for  the  equilibrium;  UFg(aq)  + 2H20(l)  U02F2(aq)  + 4HF(aq) . See 

F202U"(aq),  F^0^U2(aq). 

F 0 W(aq) 
(WO2F2) 

[509]  meas.  K for  the  equilibrium:  WFg(aq)  + 2H20(l)  ^ W02F2(aq)  + 4HF(aq). 

F^OTi'Caq) 

(TlOFj") 

[618]  meas.  K for  the  equilibrium;  TiOF^(aq)  + 2F~(aq)  ^ Ti0F2~(aq) . 

FjOVCaq) 

{VOF3) 

[509]  meas.  K for  the  equilibrium:  2VOF2(aq)  + 3H20(t)  V20j(aq)  + 6HF(aq) . 

F302U”(aq) 

(U02F3") 

[16]  lists  log  K (2  values)  for  the  equilibrium:  U02F2(aq)  + F”(aq)  ^ 

U02Fj"(aq).  See  F^02U~^(aq). 

F^0Ti"2(aq) 

(TiOF 

4 

[618]  meas.  K for  the  equilibrium:  TiOF^(aq)  + 3F  (aq)  ^ TiOF  ”^{aq), 

^ 4 

F^02U“2(aq) 

[16]  lists  log  K (2  values  and  1 value,  resp.)  for  the  equilibria 
1)  U02Fj“(aq)  + F"  U02F^  "^(aq);  2)  U02'^^(aq)  + 4F"(aq)  ^ U02F^"^(aq). 

F^O^U2(aq) 

[500]  meas.  K for  the  equilibrium:  2U02F2(aq)  (U02F2)2(aq) . [501]  reviews  this 

reaction  and  indicates  a small  positive  AH  dimerization.  [16]  lists  log  K 
<3  values)  for  this  reaction. 

F^FeH"^(aq) 
(HFeFg"^  ) 

See  FeF^  (aq) . 

F^H2Si(aq) 

(H2SiF^) 

-557.2  [9] 

-556.2  [310] 
-554.6  [502] 

[310]  meas.  AH  aoln.  of  Si02  in  (HF-HCl) (aq) . [5Q2]  meas.  dH  soln.  of  Si02  in 

HF(aq).  See  [3U]. 

F^H2Sn(aq) 

(H2SnF^) 

-473.1  [9] 

FgH2Ti(aq) 

(H2TiF^) 

-555.1  [9] 

FgHjSb(aq) 

(HjSbFg) 

-444.3  [9] 

F^Li2Si(aq, 

(Li2SiF^) 

I5OOH2O) 

[9]  est.  AHf°gg  = -691.2  in  ISOOH^O. 

F^Na2Sl(aq, 

(Na2SiFg) 

6OOH2O) 

-671.2  [9] 
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TABLE  8.  QUATERNARY  AND  HIGHER  AQUEOUS  SPECIES 


Species 

AHf^gg  (kcal/mole) 

Remarks 

(BF^COH)^ 

See  BF^HO  (aq) . 

BF^HO"(aq) 

(BFjOH") 

-363.1  [29] 

[503]  meas.  K for  the  eq\iilibrlum:  BF2(0H)2(aq)  +-HF(aq)  ^ H20(t)  + BF20H~(aq). 

[16]  lists  log  K (1  value)  for  this  equilibrium.  For  the  equilibrium:  BF^OH'Caq)  + 

HF(aq)  ^ H20(l)  + BF^  (aq),  [16]  lists  AH  = -3.23  and  log  K (8  values).  For  the 
reaction:  3BF2OH  (aq)  ^ 2BF^(aq)  + H2B0j(aq)  + F (aq),  [504]  calc.  AH  = 4.2.  For 

the  reaction:  2BF20H~(aq)  BF2(0H)2”(aq)  + BF^"(aq),  [5O4]  calc.  AH  < 1.4. 

([Cr(6H20)]F3') 

-704.3  [9] 

CrF6Hi50^(aq) 

(H3[Cr(6H20)]F^) 

-931.9  [9] 

FHO^S(aq) 

(HSOjF) 

-190.2  [461] 

[461]  meas.  AH  hydr.  of  HSO^F(t),  [621]  meas,  heat  of  ionization. 

FKO^S(aq) 

(KSO^F) 

[462]  meas.  AH  soln.  of  KSO^F(c). 

FNaO^SCaq) 

(NaSO^F) 

-204.6  [461] 

[461]  reports  AHf  from  the  heat  of  neutralization.  See  also  [621]. 

FNO^Th'^^(aq) 

(ThFNOj'^^) 

[16]  lists  log  K (1  value)  for  the  equilibrium:  Th'''^(aq)  + HF(aq)  + NO^  (aq)  ^ 

ThFN0j'''^(aq)  + H'^(aq). 

F^NOjTh'^  (aq) 
(ThFgNO^"^) 

[16]  lists  log  K (1  value)  for  the  equilibrium:  Th'*'^(aq)  + 2HF(aq)  + NO^  (aq)  ^ 

ThF2N02‘^(aq)  + 2H'^ (aq) . 

F^HgO^Th(aq) 

(ThF^CHjO)^) 

[16]  lists  log  K for  the  equilibrium:  ThF^(H20)^(c)  + 2H^(aq)  ThF2'*'^(aq)  + 2HF(aq) 

+ 4H20(i). 

FgHNaSi(aq,  AOOH^O) 
(NaHSiFg) 

-6U.1  [9] 

FgH^02U(aq) 

(UO^F^-^HF) 

[419,  573]  list  AH  for  reaction  of  UF^(g)  with  H2O  and  U02F2(c)  with  HF(aq),  both 
forming  U02F2*4HF(aq) . 

F^HgN2Si(aq) 

((NH^)2SiFg) 

-622.0  [9] 

Hf(OH,F,iO,Cl)^(aq) 

See  Hf(OH,F,iO,Cl)^F"(aq). 

Hf(OH,F,iO,Cl)^F"(aq) 

[16]  lists-  log  K for  the  equilibrium:  Hf (OH, F,-iO,Cl)^(aq)  + HF(aq)  ^ 

Hf(OH,F,iO,Cl)^F"(aq)  + H'^(aq). 

Hf(OH,F,iO,Cl)^F2"^{aq) 

[16]  lists  log  K for  the  eqiiilibrium:  Hf ( OH,  F,-^, Cl)^F  (aq)  + HF(aq)  ^ 

Hf(0H,F,|O,Cl)^F2"^(aq)  + H'^(aq) . 

BF^HKO(aq) 

(KBF^OH) 

-423.1  [29] 

[475]  meas.  AH  soln.  of  KBF^OH(o). 
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APPENDIX  A 


IDEAL  GAS  THERMODYNAKEG  FUNCTIONS 


by 


Joseph  Hilsenrath  and  William  H.  Evans 


The  thermodynamic  functions  are  given  for  the  positive  ions  of 
the  elements  He"^  through  k"*”;  for  Ti"^,  Br"*",  Er"*",  Mo"*”,  l”^,  w"*”,  Hg"*",  and 
Pb'*';  and  for  the  molecules  NF2  and  BgF^.  The  computations  were  per- 


formed on  the  IBM  704  using  the  fundamental  constants  of  Cohen,  Crowe, 
and  Dumond  The  tables,  which  extend  to  6,000  °K  for  the  molecules 

and  to  10,000  °K  for  the  atomic  ions,  are  given  in  units  of  calories 
(4»1840  abs.  joules) , gram  moles,  and  °K.  Conversion  factors  are 
given  to  other  units. 

The  functions  for  the  atomic  ions  were  computed  by  a summation 
over  energy  levels  given  in  Volume  I (and  as  corrected  in  Volume  III) 
of  Atomic  Energy  Levels  The  functions  for  the  polyatomic  mole- 

cules were  computed  on  the  harmonic  oscillator-rigid  rotator  approxi- 
mation using  the  molecular  data  listed  with  the  tables.  The  molecular 
constants  for  the  polyatomic  molec\iIes  are  discussed  in  Chapter  2 of 
this  report. 

For  the  first  18  elements  the  table  number  agrees  with  the  atomic 
number  as  in  the  earlier  NBS  Report  6928  with  the  addition  of  - 1 to 
designate  the  first  ion.  For  the  other  ions  and  for  the  polyatomic 
molecules  the  numbers  are  consecutive  to  the  last  table  in  the  earlier 
report. 

The  tables  for  the  atomic  ions  were  computed  in  connection  with 
work  at  the  National  Bureau  of  Standards  directed  at  properties  of 
highly  ionized  gases  under  a contract  with  the  Air  Force  Special 
Weapons  Center,  Kirtland  Air  Force  Base.  They  are  included  here  as 
a convenience  to  AREA  contractors.  The  tables  are  in  close  agreement 
with  those  of  Green,  Poland,  and  Margrave 
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Table  A-2-1 


Thermodynamic  Functions  for  He 
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T -(F°-H°)  H°  - H° 
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°K 

U' 

T 

T 

- s° 

Ca 

P 

OO 

1 
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273. 

15 

26.0996 

4.9681 

31.0678 

4.9681 

1357. 1 

298. 

15 
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4.9681 

31.5029 

4,9681 

1481.3 
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4,968  1 
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4,9681 

8942.7 

1900. 

35, ■'358 
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40.7039 
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9439.5 

2000. 

35.°906 
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4,0681 

9936.3 

21  00. 

36.2330 
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41.2012 
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1 0433. 1 
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4,9681 
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2300. 
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1 2420.4 
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4,9681 

19872.6 

4100. 
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4200. 
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21859.9 
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45,8934 

4,9681 

26828.0 

5 500. 

41,0164 

4.9681 

45,9846 

4,9681 

27324.8 

5600. 

41.1059 

4.9681 

46,0741 

4.9681 

27821.6 

5700. 

41.1939 

4.9681 

46,1620 

4,968  1 

28318.5 

5800. 

41.2803 

4.9681 

46,2484 

4,9681 

28815.3 

5900. 

41 .3652 

4.9681 

46.3333 

4.9681 

20312.1 

6000» 

41.4487 

4.9681 

46.4168 

4,9681 

29808.9 

6100. 

41.5308 

4.9681 

46.4990 

4,9681 

30305.7 

62  00. 

41.6116 

4.9681 

46,5797 

4.9681 

30802.5 

6300» 

41.6911 

4.9681 

46.6592 

4,9681 

31 299.3 

The  tables 

are  in  units  of 

calories 

, moles  and  °K.  See 

reverse  side 

for 

conversion 

factors  to  other 

units . 

The  atomic  weight  = 

4.0025 

Table  A-2-1  Thermodynamio  Ftinctions  for  He 


continued 


T 

1 

0 

1 

oo 

H°  - H° 

S° 

C° 

H°  - H° 

T 

T 

P 

6^00, 

41.7693 

4.9681 

46.7375 

4,9681 

31796,1 

6500. 

41.8464 

4,9681 

46.8145 

4,9681 

32293. C 

6600. 

41.9222 

4,9681 

46,8904 

4,9681 

32789, { 

6700. 

41.9969 

4.9681 

46.9651 

4,9681 

33286. f 

6800. 

42.0705 

4.9681 

47,0387 

4,9681 

33783.^ 

6900. 

42.1430 

4.9681 

47,1112 

4,9681 

34280. < 

7000. 

42.2145 

4.9681 

47,1827 

4,9681 

34777. C 

7100. 

42.2850 

4,9681 

47,2532 

4,9681 

35273.' 

7200. 

42,3545 

4,9681 

47.3226 

4,9681 

35770.' 

7300. 

42.4230 

4,9681 

47,3912 

4,9681 

36267. ! 

7400'. 

42,4906 

4.9681 

47.4588 

4,9681 

36764. ' 

7500. 

42.5573 

4.9681 

47.5254 

4,9681 

37261. 

7600. 

42.6231 

4.9681 

47.5913 

4,9681 

37757.' 

7700. 

42.6880 

4.9681 

47.6562 

4,9681 

38254.! 

7800. 

42.7522 

4.9681 

47.7203 

4,9681 

38751.! 

7900. 

42,8154 

4.9681 

47,7836 

4,0681 

39248.' 

8000. 

42,8779 

4,9681 

47,8461 

4,968  1 

39745.. 

8100. 

42,9397 

4,9681 

47.9078 

4,9681 

40242. ( 

8200. 

43,0006 

4,9681 

47,9688 

4,9681 

40738.! 

8300. 

43,0608 

4.9681 

48,0290 

4,968 1 

41235.! 

8400. 

43,1203 

4,9681 

48,0885 

4,9681 

41732.' 

8500. 

43,1791 

4.9681 

48 . 1473 

4,9681 

42229.' 

8600. 

43,2372 

4.9681 

48,2054 

4,9681 

42726. 

87oO. 

43,2947 

4.9681 

48.2628 

4,9681 

43222.' 

8800. 

43.3515 

4.9681 

48.3196 

4,9681 

43719.' 

8900. 

43,4076 

4,9681 

48,3757 

4,9681 

44216. 

9000. 

43.4631 

4,9681 

48,4312 

4,9681 

44713. 

9100. 

43,5180 

4.9681 

48,4861 

4,9681 

45210. 

9200. 

43,5723 

4.9681 

48,5404 

4,9681 

45707.' 

9300. 

43,6260 

4,9681 

48,5942 

4,9681 

46203. 

9400. 

43.6791 

4,9681 

4 8 « 647 3 

4,9681 

46700.! 

9500. 

43,7317 

4.9681 

48,6999 

4,9681 

47197.' 

9600. 

43,7837 

4,9681 

48,7519 

4,9681 

47694.. 

9700. 

43,8352 

4.9681 

48,8034 

4,9681 

48191. 

98oo* 

43,8862 

4.9681 

48,8543 

4,9681 

48687.' 

99oO. 

43,9366 

4.9681 

48,9048 

4,9681 

49184. 

loooo. 

43,9865 

4.9681 

48,9547 

4,968 1 

49681.' 

loioo. 

44,0360 

4.9681 

49,0041 

4,9681 

50178. 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g'^  (or  °c'^  ) 

0.24984 

joules  g ^ °K  ^ (or  °C  ^ ) 

1.0453 

Btu  Ib'^  °R'^  (or 

0.24968 
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Table  A-3-1  Thermodjmamio  Functions  for  LI 


T 

°K 

1 

o 

oo 

H°  - H° 
T 

S° 

C" 

P 

H°  - H° 

273.15 

26.3626 

4.9681 

31.3307 

4.9681 

1357.1 

298.15 

26.7977 

4.9681 

31.7658 

4.9681 

1481.3 

1 noo* 

32.8099 

4.9681 

37.7781 

4,9681 

4968.1 

1 loo* 

33.2834 

4,9681 

38,25  16 

4,9681 

5465. 0 

1200* 

33.7157 

4,9681 

38,6839 

4,9681 

5961.8 

1300* 

34.1134 

4.9681 

39.0815 

4,968  1 

6458.6 

1400. 

34.4816 

4,9681 

39.4497 

4,9681 

6955.4 

1500. 

34.8243 

4.9681 

39,7925 

4,9681 

7452,2 

1600. 

35.1450 

4,9681 

40.1131 

4,9681 

7949.0 

1700. 

35.4462 

4.968  1 

40.4143 

4,9681 

8445,9 

1800. 

35.7301 

4,9681 

40,6983 

4,9681 

8942.7 

1900. 

35.9987 

4. 9681 

40,9669 

4,9681 

9439.5 

2000. 

36.2536 

4.9681 

41.2217 

4,9681 

9936.3 

2100. 

36.4960 

4.9681 

41,4641 

4,9681 

10433.1 

2200. 

36.7271 

4.9681 

41.6952 

4,9681 

10929,9 

2300. 

36.9479 

4,9681 

41,9161 

4,9681 

11426.7 

2400. 

37.1594 

4.9681 

42.1275 

4,9681 

11923*6 

2500. 

37.3622 

4.9681 

42,3303 

4,9681 

12420.4 

2600. 

37.5570 

4.9681 

42,5252 

4,9681 

12917,2 

2700. 

37.7445 

4,9681 

42,7127 

4,9681 

13414,0 

2800. 

37.9252 

4,968  1 

42.8934 

4,9681 

13910,8 

2900. 

38.0996 

4.9681 

43.0677 

4,9681 

14407,6 

3000. 

38.2680 

4,9681 

43.2361 

4,9681 

14904.4 

3100. 

38.4309 

4.9681 

43,3990 

4,9681 

15401.3 

3200. 

38.5886 

4,9681 

43.5568 

4,9681 

15898.1 

3300. 

38.7415 

4.9681 

43.7096 

4,9681 

16394.9 

3400. 

38.8898 

4,9681 

43,8580 

4,9681 

16891.7 

3500. 

39.0338 

4.9681 

44,0020 

4,9681 

17388.5 

3600. 

39.1738 

4.9681 

44,1419 

4,9681 

17885.3 

3700. 

39.3099 

4,9681 

44.2781 

4,9681 

18382.2 

3800. 

39.4424 

4,9681 

44,4105 

4,9681 

18879,0 

3900. 

39.5714 

4,9681 

44,5396 

4,9681 

19375.8 

4000. 

39.6972 

4,9681 

44,6654 

4,9681 

19872.6 

4100. 

39.8199 

4.9681 

44,7881 

4,9681 

20369.4 

4200. 

39.9396 

4,9681 

44,9078 

4,9681 

20866*2 

4300. 

40.0565 

4,9681 

45,0247 

4,9681 

21363*0 

4400. 

40. 1707 

4,9681 

45,1389 

4,9681 

21859,9 

45  00* 

40.?824 

4,9681 

45,2505 

4,9681 

22356.7 

4600* 

40.3916 

4,9681 

45.3597 

4,9681 

22853.5 

47oO* 

40.4984 

4.9681 

45 . 4666 

4,9681 

23350. 3 

48oO* 

40.6030 

4.9681 

45.5712 

4,9681 

23847. 1 

4900* 

40*7055 

4.9681 

45,6736 

4.9681 

24343*9 

5000. 

40.8058 

4,9681 

45.7740 

4,9681 

24840,7 

5l00* 

40*9o42 

4,9681 

45,8724 

4,9681 

25337.6 

5200* 

41.0007 

4,9681 

45,9688 

4,9681 

25834.4 

5300. 

41.0953 

4,9681 

46.0635 

4,9681 

26331.2 

5400. 

41.1882 

4,9681 

46,1563 

4,9681 

26828,0 

5500. 

41.2794 

4,9681 

46,2475 

4,9681 

27324.8 

5600. 

41.3689 

4,9681 

46,3370 

4,9681 

27821,6 

5700. 

41.4568 

4,9681 

46,4250 

4,9681 

28318.5 

5800. 

41.5432 

4,9681 

46,5114 

4,9681 

28815.3 

5900. 

41.6281 

4.9681 

46,5963 

4,9681 

29312.1 

6000. 

41.7116 

4,9681 

46,6798 

4,9681 

29808.9 

6100. 

41.7938 

4,9681 

46,7619 

4,9681 

30305.7 

6200. 

41.8745 

4,9681 

46,8427 

4,9681 

30802.5 

6300. 

41.9540 

4,9681 

46,9222 

4,9681 

31299,3 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories, 

\mits. 

moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
6.9395 

for 
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Table  A-3-1 


Thermodynamic  Functions  for  Li  - continued 


T 

°K 

-(F°-H°) 

T 

6400. 

42.0323 

6500. 

42.1093 

6600. 

42.1852 

6700. 

42.2599 

6800. 

42.3335 

6900. 

42.4060 

7000. 

42.4775 

71  00. 

42.5480 

7200. 

42.6174 

7300. 

42.6860 

7400. 

42.7536 

7500. 

42.8202 

7600. 

42.8861 

7700. 

42,9510 

78  0.0. 

43.0151 

7900. 

43,0784 

8000. 

43,1409 

• 

C 

c 

00 

43,2026 

8200. 

43,2636 

83oO. 

43,3238 

84oo» 

43,3833 

85oO« 

43,4421 

8600. 

43,5002 

87no. 

43,5576 

8800. 

43.6 144 

8900. 

43,6705 

9000. 

43,7261 

9100. 

43,7809 

9200. 

43,8352 

9300. 

43,8890 

9400. 

43.9421 

9500. 

43,9947 

9600. 

44,0467 

9700. 

44,0982 

9800. 

44,1491 

99  00. 

44,1996 

10000. 

44,2495 

10100. 

44,2989 

0 

S° 

T 

4,9681 

47 

0004 

4,9681 

47 

0775 

4,968 1 

47 

1533 

4,9681 

47 

2280 

4,9681 

47 

3016 

4,9681 

47 

3741 

4,9681 

47 

4456 

4,9681 

47 

5161 

4,9681 

47 

5856 

4,9681 

47 

6541 

4,9681 

47 

7217 

4,9681 

47 

7884 

4,9681 

47 

8542 

4,9681 

47 

9191 

4.9681 

47 

9833 

4,9681 

48 

0465 

4,9681 

48 

1090 

4.9681 

48 

1708 

4,9681 

48 

2317 

4,9681 

48 

2919 

4,9681 

48 

3514 

4,9681 

48 

4102 

4,9681 

48 

4683 

4,9681 

48 

5258 

4,9681 

48 

5826 

4.9681 

48 

^387 

4,9681 

48 

6942 

4.9681 

48 

7491 

4.9681 

48 

8034 

4,9681 

48 

8571 

4,9681 

48 

9102 

4.9681 

48 

9628 

4.9681 

49 

0148 

4,9681 

49 

0663 

4,9681 

49 

1173 

4,9681 

49 

1677 

4,9681 

49 

2176 

4,9681 

49 

2671 

o 

0 

H°  - H° 

4,9681 

31796.2 

4,9681 

32293.0 

4,9681 

32789.8 

4,9681 

33286.6 

4,9681 

33783,4 

4,9681 

34280.2 

4,9681 

34777.0 

4,9681 

35273.9 

4,9681 

35770.7 

4,9681 

36267,5 

4,9681 

36764,3 

4,9681 

37261,1 

4,9681 

37757.9 

4,9681 

38254,8 

4,9681 

38751.6 

4,9681 

39248,4 

4,9681 

39745,2 

4,9681 

40242,0 

4,9681 

40738.8 

4,9681 

41235,6 

4,9681 

41732.5 

4,9681 

42229.3 

4,9681 

42726.1 

4,9681 

43222.9 

4,9681 

43719,7 

4,9681 

44216.5 

4,9681 

44713.3 

4,9681 

45210,2 

4,9681 

45707.0 

4,968 1 

46203,8 

4,9681 

46700.6 

4,9681 

47197.4 

4,9681 

47694.2 

4,9681 

48191.1 

4,9681 

48687,9 

4,9681 

49184,7 

4,9681 

49681.5 

4.9681 

50178.3 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

calg"'^  °K"^  (or  °C'M 

0.14410 

joules  g ^ °K  ^ (or  °C  ^ ) 

0.60291 

Btu  Ib"^  °R'^  (or  °F'S 

0.14401 
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Table  A-4-I  Theimodynami  c Functions  for  Be"*" 


T 

-(F°-H°) 

H°  - H° 

°K 

0 

0 

S° 

C° 

H°  - 

T 

T 

P 

273.15 

28.5192 

4,9681 

33,4873 

4,9681 

1357. 

298,15 

28,9543 

4,9681 

33,9224 

4,9681 

1481. 

1000, 

34,9665 

4.9681 

39.9347 

4.9681 

4968 

1 1 00, 

35,4400 

4.9681 

40.4082 

4,9681 

5465 

1200. 

35,8723 

4.9681 

40.8405 

4,9681 

5961 

1300. 

36,2700 

4.9681 

41,2381 

4,9681 

6458 

1400. 

36.6382 

4,9681 

41.6063 

4,9681 

6955 

1500. 

36,9809 

4,9681 

41.9491 

4,9681 

7452 

1600. 

37,3016 

4.9681 

42,2697 

4,9681 

7949 

1700, 

37,6028 

4.9681 

42,5709 

4,9681 

8445 

1800, 

37,8867 

4,9681 

42.8549 

4,9681 

8942 

1900, 

38,1554 

4.9681 

43,1235 

4,9682 

9439 

2000. 

38,4102 

4,9681 

43.3783 

4,9682 

9936 

2100. 

38,6526 

4,9681 

43.6207 

4,9682 

10433 

22oO. 

38,8837 

4.9682 

43,8519 

4,9682 

10929 

2300. 

39,1045 

4.9682 

44.0727 

4,9682 

1 1426 

2400. 

39,3160 

4.9682 

44,2841 

4,9682 

11923 

2500, 

39,5188 

4,9682 

44,4869 

4,9682 

12420 

2600, 

39,7137 

4,9682 

44,6818 

4,9682 

12917 

2700. 

39.9012 

4,9682 

44,8693 

4,9682 

13414 

2800. 

40,0818 

4,9682 

45,0500 

4,9683 

13910 

2900. 

40.2562 

4,9682 

45,2243 

4,9683 

14407 

3000« 

4o»4246 

4.9682 

45.3928 

4,9685 

14904 

3l00» 

40.5875 

4,9682 

45,5557 

4,9686 

15401 

3200. 

40.7452 

4.9682 

45,7134 

4,9689 

15898 

3300» 

40.8981 

4,9682 

45*8663 

4,9692 

16395 

3400* 

41.0464 

4.9683 

46.0147 

4,9696 

16892 

3500. 

41,1905 

4.9683 

46.1588 

4,9702 

17389 

36oO« 

41 ,33o4 

4.9684 

46,2988 

4,9709 

17886 

37oO» 

41,4665 

4,9684 

46,4350 

4,9719 

1 8383 

38no. 

41,5990 

4,9686 

46*5676 

4,9730 

18880 

3900. 

41,7281 

4.9687 

46.6968 

4,9745 

19377 

4000, 

41,8539 

4,9689 

46,8228 

4,9762 

19875 

4100, 

41,9766 

4,9691 

46,9457 

4,9783 

20373 

4200, 

42,0963 

4.9693 

47.0657 

4,9808 

20871 

4300, 

42,2133 

4,9696 

47,1829 

4,9837 

21369 

4400. 

42,3275 

4,9700 

47.2975 

4,9871 

21867 

4500, 

42,4392 

4,9704 

47,4096 

4,9910 

22366 

4600. 

42,5485 

4,9709 

47,5194 

4,9955 

22866 

4700, 

42,6554 

4,9715 

47,6268 

5,0005 

23365 

4800, 

42,7601 

4.9721 

47,7322 

5,0062 

23866 

4900. 

42,8626 

4,9729 

47,8355 

5,0125 

24367 

5000, 

42,9631 

4.9737 

47,9368 

5,0195 

24868 

5100, 

43,0616 

4,9747 

48,0363 

5,0273 

25  371 

5200. 

43,1582 

4,9758 

48,1340 

5,0358 

25874 

5300, 

43,2530 

4,9770 

48,2300 

5,0451 

26378 

5400, 

43,3460 

4,9784 

48,3244 

5,0551 

26883 

5500, 

43,4374 

4.9799 

48,4172 

5,0660 

27389 

5600. 

43,5271 

4,9815 

48.5086 

5.0777 

27896 

5700. 

43,615'’ 

4.9833 

48.5986 

5,0902 

28404 

5800. 

43.7020 

4.9853 

48.687? 

5,1036 

28914 

5900, 

43,7872 

4.9874 

48,7746 

5,1178 

29425 

6000. 

43,8711 

4.9897 

48,8608 

5,1329 

29938 

6I0O. 

43,9536 

4.9922 

48,9457 

5,1488 

30452 

6200. 

44,0348 

4.9948 

49.0296 

5.1655 

30967 

6300, 

44,1 147 

4,9977 

49.1124 

5.1830 

31485 

The  tables 

are  in  units  of 

calories,  moles  and  °K.  See 

reverse  side 

for 

conversion 

factors  to  other 

units . The 

atomic  weight  = 

9.0125 

0 

I 1 

1 3 

1 

0 

8 

6 

4 

2 

0 

9 

7 

5 

3 

1 

9 

7 

6 

4 

2 

0 

8 

7 

5 

4 

2 

1 

1 

1 

1 

3 

5 

9 

4 

1 

1 

3 

9 

8 

1 

9 

2 

I 

7 

1 

2 

2 

2 

3 

5 

9 

6 

6 

1 

2 

9 

3 
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Table  A-4-1  Thermodynamic  Functions  for  Be"*"-  continued 


T -(F°-H°)  H°  - H° 

V y 


°K 

T 

T 

S° 

C° 

P 

H°  - 

64no. 

44, 1934 

5.0007 

49.1941 

5.2014 

32004 

6500. 

44,2710 

5.0039 

49.2749 

5.2205 

32525 

66  00. 

44.3474 

5 .0074 

49.3548 

5 . 2404 

33048 

6700. 

44,4227 

5.01 10 

49.4337 

5.2611 

33573 

6800. 

44,4970 

5.0148 

49.5119 

5.2825 

34100 

69oO* 

44.5702 

5.0189 

49.5891 

5 ,3047 

34630 

7oo0. 

44,6425 

5.0231 

49 • 66  56 

5, 3275 

35  161 

7100. 

44,7138 

5.0276 

49,7414 

5.3510 

35695 

7200. 

44,7841 

5.0322 

49,8164 

5,3751 

36232 

7300. 

44,8536 

5.0371 

49,8907 

5 , 3998 

36770 

7400. 

44,0221 

5.0422 

49,9643 

5,4250 

37312 

75  00. 

44,9899 

5 . 0474 

50,0373 

5,4508 

37855 

7600. 

45,0567 

5.0529 

50.1097 

5,4771 

38402 

7700. 

45,1228 

5.0586 

50.1814 

5,5039 

38951 

7800. 

45,1881 

5.0645 

50.2526 

5.5311 

39503 

7900, 

45,2527 

5.0706 

50.3233 

5,5586 

40057 

8000, 

45,3165 

5.0768 

50,3934 

5,5866 

40614 

8 1 00. 

45,3796 

5.0833 

50.462" 

5,6149 

41174 

8200, 

45 ,4420 

5 . 0900 

50,5320 

5,6434 

41737 

8300, 

45 , 5038 

5 . 0968 

50,6006 

5,6723 

42303 

84  00, 

45,5649 

5.1038 

50,6687 

5.7013 

42872 

85  00, 

45,6253 

5.1110 

50,7363 

5.7305 

43443 

8600, 

45,6851 

5.1184 

50,8035 

5,7599 

44018 

8700, 

45,7443 

5 .1260 

50,8703 

5,7894 

44595 

8800, 

45,8030 

5.1337 

50,9366 

5,8190 

45  176 

8900, 

45,8610 

5.1415 

51,0025 

5,8486 

45759 

9000, 

45,0188 

5.1495 

51.0681 

5,8783 

46345 

9100, 

45,9755 

5.1577 

51.1332 

5,9080 

46935 

9200, 

46,0319 

5.1660 

51.1979 

5.9376 

47527 

9300, 

46,0878 

5.1745 

51.2623 

5,9672 

48122 

9400, 

46,1432 

5.1831 

51.3262 

5,9967 

48721 

95  00, 

46,1981 

5.1918 

51 .3890 

6,0260 

49322 

9600, 

46,2528 

5.2006 

51.4531 

6.0552 

49926 

9700. 

46,3064 

5.2096 

51,5160 

6,0843 

50533 

9800, 

46,3599 

5.2187 

5 1,5786 

6,1132 

51143 

99  no. 

46,4129 

5.2279 

51.6408 

6, 1418 

51755 

1 0000, 

46,4655 

5.2371 

51.7026 

6.1702 

52371 

lOlno. 

46,5177 

5.2465 

51.7642 

6.1984 

52989 

COmTERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g"  ^ (or  °C”M 

0.11096 

joules  g ^ °K  ^ (or  °C  ^ ) 

0.46426 

Btu  lb‘^  °R'^  (or  “F'S 

0.11089 

H° 

0 

6 

6 

7 

8 

9 

3 

9 

8 

1 

8 

1 

9 

2 

3 

0 

5 

8 

8 

8 

5 

2 

8 

3 

8 

2 

6 

9 

3 

5 

8 

0 

1 

2 

1 

0 

8 

9 

8 
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Table  A-5-1  Thermodynamic  Functions  for  b"*" 


T 

°K 

OO 

1 

0 

1 ' 

H°  - H° 

S° 

O'"' 

H°  - H° 

T 

T 

p 

0 

273.15 

27.6866 

4.9681 

32.6547 

4,9681 

1357. 

298.15 

28.1217 

4.9681 

33.0898 

4,9681 

1481. 

1000. 

34.1339 

4.9681 

39.1021 

4,9681 

4968 

1100. 

34,6074 

4.9681 

39,5755 

4,968 1 

5465 

1200. 

35.0397 

4.9681 

40,0079 

4,9681 

5961 

1300. 

25,4374 

4.9681 

40.4055 

4,9681 

6458 

1400. 

35.8056 

4.9681 

40.7737 

4,9681 

6955 

1500. 

36.1483 

4.9681 

41.1165 

4,9681 

7452 

1600. 

36.4690 

4.9681 

41.4371 

4,9681 

7949 

1200* 

36.77o2 

4.9681 

41.7383 

4,9681 

8445 

18o0. 

37 , o54 1 

4.9681 

42.0223 

4,9681 

8942 

19o0. 

37.3227 

4.9681 

42,2909 

4,9681 

9439 

2 ooO. 

37.5776 

4.968] 

42.5457 

4,968 1 

9936 

2l00« 

37.82n0 

4.9681 

42.7881 

4,9681 

10433 

2200. 

38.0511 

4.968  1 

43,0192 

4,9682 

10929 

2300. 

38.271° 

4.9681 

43.2401 

4,9682 

11426 

2400. 

38.4834 

4.9682 

43.4515 

4,9682 

11923 

2500. 

38.6862 

4.9682 

43,6543 

4,9682 

12420 

2600. 

38.8810 

4.9682 

43,8492 

4,9682 

12917 

2700. 

39.0685 

4.9682 

44,0367 

4,9682 

13414 

2800. 

39. 2402 

4.9682 

44.2174 

4,9682 

13910 

2900. 

39.4236 

4.9682 

44.3917 

4,9682 

14407 

300O. 

39.5920 

4.9682 

44,5601 

4,9682 

14904 

3100. 

39.754° 

4.9682 

44,723] 

4,9683 

15401 

3200. 

39.9126 

4.9682 

44.8808 

4,9684 

15898 

3300. 

40.065^ 

4.9682 

45.0337 

4,9686 

16395 

3400. 

40.2138 

4.9682 

45,1820 

4,9688 

16891 

3500. 

40.3578 

4.9682 

45.3260 

4,9691 

17388 

3600. 

40.4978 

4.9682 

45,4660 

4,9695 

17885 

3700. 

40.633° 

4.9683 

45,6022 

4,9700 

18382 

3800. 

40,7664 

4.9683 

45.7348 

4,9707 

18879 

3900. 

40,895'^ 

4.9684 

45,863° 

4.9717 

19376 

4000. 

41,0213 

4.9685 

45,9898 

4,9729 

19874 

4100. 

41,1440 

4.°686 

46,1126 

4,9744 

20371 

4200. 

41,2637 

4.9688 

46,2325 

4.9763 

20868 

4300. 

41 ,3806 

4.9690 

46,3496 

4,9786 

21366 

4400. 

41,4948 

4.9692 

46,4641 

4,9814 

21864 

4500. 

41,606'^ 

4.9695 

46.5761 

4,9848 

22362 

4600. 

41,7157 

4.9699 

46,6857 

4,9888 

22861 

4700. 

41,8226 

4.9704 

46,7930 

4,9935 

23360 

4800. 

41.9273 

4.9709 

46,8982 

4,9989 

23860 

4900. 

42,0298 

4.9715 

47,0013 

5,0053 

24360 

5 000. 

42,1302 

4.9723 

47.1025 

5,0126 

24861 

5100. 

42.2287 

4.9732 

47,2019 

5,0208 

25363 

5200. 

42,3252 

4.9742 

47,2994 

5,0302 

25865 

5300. 

42,4200 

4.9753 

47.3954 

5,0407 

26369 

5400. 

42.5131 

4.9766 

47,4897 

5,0525 

26873 

5500. 

42 , 6044 

4.9781 

47,5825 

5,0656 

27379 

5600. 

42.6941 

4.9798 

47,6739 

5,0800 

27887 

57n0» 

42.7823 

4.9817 

47,764n 

5,0959 

28395 

5800. 

42,8689 

4.9838 

47,8527 

5,1133 

28906 

5900. 

42,9541 

4.9862 

47.9403 

5.1322 

29418 

6000. 

43,0380 

4.9888 

48,0267 

5.1528 

29932 

6I0O. 

43. 12o'* 

4.9917 

48.1121 

5,1749 

30^^9 

6200. 

43,2016 

4.9948 

48,1964 

5,1988 

30967 

6300. 

43.2816 

4.9982 

48,2798 

5,2244 

31488 

The  tables 

are  in  units  of 

calories 

moles  and  °K.  See 

reverse  side 

for 

conversion 

factors  to  other 

units. 

The,  atomic  weight  = 

10.82 

1 

3 

1 

0 

8 

6 

4 

2 

0 

9 

7 

5 

3 

1 

9 

7 

6 

4 

2 

0 

8 

6 

5 

3 

1 

0 

8 

7 

7 

6 

7 

8 

0 

4 

9 

6 

6 

9 

6 

7 

3 

5 

4 

1 

6 

2 

8 

7 

0 

8 

2 

5 

7 

1 

7 

9 
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Table  A-5-1 


Thermodynamic  Functions  for  B 


- continued 


T 

°K 

T 

H°  - H° 
T 

S° 

C° 

P 

H°  - H° 

64n0. 

43.360"' 

5,0020 

48.3623 

5,2517 

32012.7 

65nO. 

43.4370 

5. 0060 

48,443° 

5,2808 

32539,3 

66no. 

43*5 144 

5.0104 

48,5248 

5,3116 

33068.9 

6700. 

43.5807 

5,0152 

48.604° 

5,3443 

33601 . 7 

6800. 

43*6641 

5.0203 

48,6844 

5,3788 

34137.8 

6900. 

43,737^' 

5.0257 

48,7631 

5,4150 

34677.5 

7000. 

43 . 8098 

5.0316 

48,8413 

5.4531 

35220.9 

7100. 

43.881? 

5.0378 

48.91°0 

6,4929 

35768.2 

7200. 

43.951-^ 

5.0444 

48,9961 

5*5344 

76319.5 

7300. 

44.0217 

5.0514 

49.0727 

5.5777 

36875. 1 

7400. 

44.0901 

6.0588 

49,148° 

5,6227 

37435. 1 

75o0. 

44.1580 

5,0666 

49,2247 

5,6697 

37999,7 

7600. 

44,226? 

5.074° 

49,3001 

6,7176 

38569.0 

7700. 

44,2916 

5. 0835 

49,3751 

5,7674 

39143.2 

7800. 

44,3577 

5.0926 

49,449° 

5,8187 

39722.5 

7900. 

44.422? 

5.1022 

49.5244 

5,8715 

40307.0 

8000. 

44,4864 

5.1121 

49.5985 

5,9257 

40896.9 

8l00. 

44, 55oo 

5.1225 

49.6725 

5,9813 

41492.2 

8200. 

44,6120 

5.1333 

49.7462 

6,0381 

42093.2 

8 300. 

44,6752 

5.1446 

49,8198 

6,0962 

42699.9 

8400. 

44,7360 

5.1562 

49,8931 

6.1554 

43312.5 

85  00. 

44,7980 

6.1684 

49,9667 

6,2157 

43931.0 

8600. 

44,8586 

6.180° 

50.r^3°4 

6,2769 

44555.6 

8700. 

44.9186 

5.1938 

50.1127 

6, 3391 

45186.4 

8800. 

44,9779 

6.2072 

50,1851 

6,4021 

45823.5 

89o0. 

45 . 0368 

5.2210 

50.2578 

6,4659 

46466.9 

9000. 

45,096? 

5.2352 

50.3304 

6,5303 

47116.7 

91  00. 

45,1572 

5.2498 

50.4030 

6,5954 

47773.0 

°200. 

45,2106 

5.2648 

50*4754 

6 * 6609 

48435.8 

'’300* 

45.2676 

5.280I 

50.5478 

6,7269 

49105.2 

9400. 

45,3247 

5.2959 

50.6201 

6,7932 

49781.2 

95oO* 

45.38o7 

5.3120 

50.6928 

6,8598 

50463.8 

9600« 

45.4360 

5.3285 

50.7645 

6,9265 

51153.1 

9700. 

45.4913 

5.3453 

50.8366 

6,9°34 

51 849.1 

9800. 

45.546? 

5.3624 

50.9087 

7,0603 

52551.8 

O900. 

45,6008 

5.379° 

50.9807 

7.1271 

53261.2 

loooo. 

45  * 654*^ 

5.3977 

51,0526 

7,1938 

53977. 2 

1 01 00. 

45,7087 

6.4158 

51.1246 

7,2602 

54699.9 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g'^  (or  “C'^  ) 

0.092421 

joules  g ^ °K  ^ (or  “C  ^ ) 

0.38669 

Btu  lb  ^ °R  ‘ (or  °F  ) 

0.092361 
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Table  A-6-1 


Thermodynamic  Functions  for  C 


+ 


T 

oc 

1 

o 

S° 

C° 

H°  - H° 

T 

T 

P 

0 

213.1^ 

31.1378 

5.3621 

36,4999 

5,0229 

1464.7 

298.15 

31,6061 

5.3333 

36.9394 

5,0138 

1 590. 1 

1 nno. 

37,8857 

5.0863 

42.9720 

4,9720 

5086.3 

lino. 

38.3699 

5.0759 

43.4459 

4,9713 

5583.5 

i2on. 

38.8112 

5.0672 

4 3 • 8 7 8 *4 

4,9708 

6080,6 

I3nn. 

39,2165 

5 . 0 5 9 8 

44.2763 

4,9704 

6577,7 

1400. 

39,5912 

5.0534 

44,6446 

4,9701 

7074.7 

1500. 

39,9397 

5 . 0478 

44,9875 

4,9698 

7571.7 

1600. 

40,2653 

5.0429 

45,308? 

4,9696 

8068.7 

1700. 

4 0 * 5 7 

5.0386 

45,6095 

4,9695 

8565.6 

1800. 

40.8588 

5.0348 

45.8936 

4,9693 

9062,6 

1900. 

41,1309 

5.0313 

46,1622 

4,9692 

9559.5 

2000. 

41.3889 

5.0282 

46,4171 

4,9691 

10056.4 

2100. 

41,6342 

5.0254 

46  * 65 96 

4,9690 

10553.3 

2200. 

41,8679 

5.0228 

46.8907 

4,9689 

11050.2 

2300. 

42.0911 

5.0205 

47,1116 

4,9689 

11547.1 

2400. 

42.30^7 

5.0183 

47.3231 

4,9688 

12044.0 

2500. 

42.5095 

5.0163 

47,5259 

4,9688 

12540.9 

2600. 

42,7063 

5.0145 

47,7208 

4,9687 

13037.7 

2700. 

42,8955 

5.0128 

47,9083 

4,9687 

13534,6 

2800. 

43.0777 

5.0112 

48,0890 

4,9686 

14031.5 

2900, 

43,2536 

5.0098 

48.2633 

4,9686 

14528,3 

3000. 

43,4234 

5.0084 

48.4313 

4,9686 

15025.2 

3100. 

43,5876 

5.0071 

48,5947 

4,9685 

15522.0 

3200, 

43,7465 

5.0059 

48.7524 

4,9685 

16018.9 

3300. 

43 , 9006 

5.0043 

48.9053 

4,9685 

16515.8 

3400. 

44, 0500 

5.0037 

49.0537 

4,9685 

17012.6 

3500, 

44,1950 

5.0027 

49.1977 

4,9685 

17509,5 

3600. 

44,3359 

5.0017 

49,3377 

4,9685 

18006.3 

3700. 

44,4729 

5.0009 

49,4738 

4o9685 

18503.1 

7800. 

44,6063 

5.0000 

49,6063 

4,9685 

19000.0 

39o0« 

44,7362 

4.9992 

49,7353 

4,9685 

19496.8 

4noo» 

44,8627 

4,9984 

49,8611 

4,9686 

19993.7 

4100. 

44,9861 

4.9977 

49.9833 

4,9686 

20490*6 

4200. 

45,1065 

4.9970 

50.1036 

4,9687 

20987.4 

43n0« 

45,2241 

4.9964 

5 0 • 22  05 

4,9688 

21484,3 

4400* 

45,3390 

4.9957 

50.3347 

4,9690 

21981.2 

45n0. 

45,4512 

4.9951 

50,4464 

4,9691 

22478.1 

4600. 

45,5610 

4.9946 

50.5556 

4,9694 

22975,0 

47n0« 

45  *6684 

4.9940 

50,6625 

4,9696 

23472.0 

4800. 

45.7736 

4.9935 

50.7671 

4,9700 

23969.0 

4900. 

45,8765 

4.9931 

50,8696 

4,9704 

24466.0 

5 ono. 

45.9774 

4.0926 

50.9700 

4,9709 

24963.0 

5100. 

46,0763 

4.9922 

51.0684 

4,9715 

25460,2 

5200, 

46. 1732 

4.9918 

51.1650 

4,9721 

25957,3 

5300. 

46,2633 

4.9914 

51,2597 

4,9729 

26454.6 

5400. 

46,3616 

4.9911 

51.3527 

4,9738 

26951.9 

5500. 

46,4532 

4.9908 

51.4439 

4,9748 

27449. 3 

5600, 

46.5431 

4.9905 

51.5336 

4,9760 

27946.9 

5700. 

46.6314 

4.9903 

51.6217 

4,9773 

28444.6 

5800, 

46.7182 

4.9901 

51.7083 

4,9788 

28942.4 

5900. 

46,8035 

4.9899 

51.7934 

4,9805 

29440.3 

6000, 

46,8874 

4.9897 

51.8771 

4,9823 

29938.5 

6100, 

46,9698 

4.9896 

51.9595 

4,9844 

30436,8 

6200. 

47.0510 

4.9896 

52.0405 

4,9867 

30935.4 

6300. 

47,1308 

4.9895 

52,1203 

4,9891 

31434, 1 

The  tables 

are  in  units  of 

calories 

moles  and  °K.  See 

reverse  side 

for 

conversion 

factors  to  other 

units . 

The  atomic  weight  = 

12.0105 
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Table  A-6-1  Thermodynamic  Functions  for  c’*'  - continued 


T 

°K' 

T 

H°  - H° 
T 

S° 

C9 

P 

H°  - Hg 

6400. 

47.2094 

4,9896 

52,1989 

4,9918 

31933.2 

65  00. 

47,2867 

4.9896 

52.2764 

4,9948 

32432.5 

6600. 

47,3629 

4.9897 

52.3526 

4.9980 

32932.2 

6700. 

47,4380 

4.9899 

52,4278 

5,0015 

33432.1 

6800. 

47,5119 

4.9901 

52.5019 

5,0052 

33932.5 

6900. 

47,5847 

4,9903 

52,5750 

5,0092 

34433,2 

7000. 

47.6565 

4.9906 

52.6471 

5,0135 

34934.3 

7100. 

47.7273 

4,9910 

52.7183 

5,0180 

35435.9 

7200. 

47.7971 

4.9914 

52,7885 

5,0229 

35937,9 

7300. 

47*8660 

4,9918 

52.8578 

5,0281 

36440,5 

7400. 

47,9339 

4,9924 

52.9263 

5.0336 

36943.6 

T500. 

48,0009 

4.9930 

52.9939 

5,0394 

37447.2 

7600. 

48.0671 

4.9936 

53,0607 

5,0455 

37951.4 

77  00» 

48,1323 

4,9943 

53.1267 

5,0519 

38456.3 

78  00* 

48,1968 

4.9951 

53.1919 

5 ,0586 

38961.8 

7900. 

4 8 * 26o^ 

4.9960 

53.2564 

5,0657 

39468.0 

8000. 

48,3233 

4,9969 

53,3201 

5,0731 

39975.0 

81  00. 

48,3854 

4,9979 

53,3832 

5,0808 

40482.7 

8200. 

48,4467 

4.9989 

53.4456 

5,0889 

40991.2 

8300. 

43.5073 

5,0001 

53.5073 

5,0972 

41500.5 

8400. 

48,5672 

5,0013 

53,5684 

5.1059 

42010.6 

8500. 

48,6264 

5.0025 

53,6289 

5,1150 

42521.7 

8600. 

48,6849 

5.0039 

53,6888 

5,1243 

43033.6 

8700. 

48,7427 

5,0053 

53.7481 

5,1340 

43546,5 

8800. 

48,8000 

5.0069 

53.8068 

5,1440 

44060.4 

8900. 

48,8565 

5.0085 

53,8650 

5,1543 

44575.3 

9000. 

48.9125 

5,0101 

53.9227 

5,1649 

45091.3 

9100. 

48,9679 

5.0119 

53,9798 

5,1758 

45608.3 

9200. 

49.0227 

5,0137 

54,0364 

5,1870 

46126.5 

9300. 

49.0769 

5.0157 

54,0926 

5,1985 

46645.7 

9400. 

49,1305 

5.0177 

54,1482 

5,2103 

47166.2 

9500. 

49,1836 

5,0198 

54,2034 

5.2224 

47687.8 

9600. 

49,2362 

5.0219 

54,2582 

5,2347 

48210.6 

97  00. 

49,2883 

5.0242 

54,3125 

5,2474 

48734.7 

9800. 

49,3398 

5.0265 

54,3664 

5,2603 

49260. 1 

9900. 

49,3909 

5. 0290 

54,4198 

5.2735 

49786.8 

loooo. 

49,4414 

5,0315 

54,4729 

5,2869 

50314.8 

10100. 

49,4915 

5.0341 

54,5256 

5,3006 

50844.2 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g'l  °K‘l  (or  °C‘^  ) 

0.083260 

joules  g ^ °K  ^ (or  °C  ^ ) 

0.34836 

Btu  Ib'^  °R'^  (or  °F'^) 

O.O832O6 
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Table  A-7-1  Thermodynamic  Functions  for  N 


T 

°K 

H°  - H° 

S° 

C° 

P 

H°  - H° 

T 

T 

273.15 

298.15 

31*9565 

32.^588 

5.76A0 

5.7082 

37,7204 

38.1670 

5.1113 

5,0880 

1574.4 

1701,9 

1000, 

39,0197 

5.2135 

44,2331 

4,9784 

5213,5 

1100, 

39,5155 

5,1920 

44,7075 

4,9766 

5711,2 

1200. 

39,9665 

5.1740 

45,1405 

4,9752 

6208,8 

1300, 

40,3800 

5.1587 

45,5387 

4,9742 

6706,3 

1400. 

40,7618 

5.1454 

45,9073 

4,9734 

7203.6 

1500, 

41,1164 

5.1340 

46.2504 

4,9728 

7700,9 

1600. 

41,4474 

5.1239 

46,5713 

4,9723 

8198,2 

1700, 

41,7578 

5.1149 

46,8727 

4,9721 

8695,4 

1800. 

42,0499 

5.  1070 

47,1569 

4,9721 

9192.6 

1900, 

42,3258 

5,0999 

47,4258 

4,9724 

9689,8 

2000, 

42,5873 

5.0935 

47,6808 

4,9730 

10187.1 

2100. 

42,8356 

5,0878 

47,9235 

4,9740 

10684,4 

2200. 

43.0722 

5.0827 

48,1549 

4,9754 

11181,9 

2300, 

43.2980 

5.0781 

48,3761 

4,9774 

11679,5 

2400, 

43,5141 

5.0739 

48.5880 

4,9799 

12177,4 

2500. 

43,7211 

5,0702 

48.7913 

4,9830 

12675.5 

2600, 

43,9199 

5.0669 

48,9868 

4,9868 

13174.0 

27o0* 

44,1111 

5,0640 

49,1751 

4,9913 

13672,9 

2800, 

44,2952 

5.0615 

49.3567 

4,9964 

14172.3 

2900. 

44,4728 

5.0594 

49,5322 

5,0023 

14672.2 

3000. 

44,6443 

5.0576 

49.7019 

5,0089 

15172.8 

3100. 

44,8101 

5,0561 

49,8662 

5,0162 

15674.0 

3200. 

44,9706 

5,0550 

50,0256 

5,0241 

16176.0 

3300. 

45,1261 

5.0542 

50.1803 

5,0327 

16678.9 

3400, 

45,2770 

5.0537 

50.3307 

5,0418 

17182.6 

3500. 

45.4235 

5.0535 

50.4770 

5,0516 

17687.3 

36oO, 

45,5659 

5,0536 

50.6195 

5,0618 

18192.9 

37oO* 

45,7043 

5. 0540 

50.7583 

5,0725 

18699.6 

3800, 

45,8391 

5.0546 

50.8937 

5,0836 

19207.4 

39oO* 

45 , 97o4 

5.0555 

51.0259 

5,0951 

19716.4 

4000* 

46.0984 

5,0566 

51.1550 

5,1069 

20226.5 

41  00» 

46,2233 

5.0580 

51.2813 

5,1189 

20737.8 

4200. 

46,3452 

5.0596 

51.4048 

5,1312 

21250.3 

4300. 

46 , 4643 

5,0614 

51.5257 

5,1436 

21764.0 

4400. 

46,5807 

5.0634 

51,6441 

5,1562 

22279.0 

4500, 

46,6945 

5.0656 

51.7601 

5,1688 

22795.2 

4600, 

46,8058 

5.0680 

51.8738 

5,1815 

23312.8 

4700. 

46,9149 

5.0705 

51.9854 

5,1942 

23831.5 

48  00. 

47.0216 

5.0732 

52.0949 

5,2068 

24351.6 

4900. 

47,1263 

5,0761 

52,2024 

5,2194 

24872.9 

5000, 

47,2289 

5.0791 

52,3080 

5,2319 

25395.5 

5100. 

47,3295 

5.0822 

52,4117 

5,2442 

25919.3 

5200, 

47,4282 

5,0854 

52,5136 

5,2564 

26444.3 

5300. 

47,5251 

5.0888 

52.6139 

5,2685 

26970.5 

5400. 

47,6202 

5.0922 

52,7125 

5,2803 

27498.0 

5500. 

47,7137 

5.0957 

52.8095 

5,2920 

28026.6 

5600. 

47,8056 

5.0994 

52.9049 

5,3034 

28556.4 

5700. 

47.8959 

5,1030 

52.9989 

5,3146 

29087.3 

5800. 

47,9846 

5.1068 

53.0914 

5,3256 

29619.3 

5900, 

48,0720 

5,1106 

53.1825 

5,3363 

30152.4 

6000. 

48,1579 

5,1144 

53.2723 

5, 3468 

30686.6 

6100. 

48,2425 

5,1183 

53,3608 

5,3570 

31221.7 

6200. 

48,3257 

5.1223 

53,4480 

5,3670 

31758.0 

6300. 

48,4077 

5.  1262 

53,5339 

5,3767 

32295.1 

The  tables 

are  in  units 

of  calories, 

moles  and  °K. 

See  reverse 

side  for 

conversion  factors  to  other  units.  The  atomic  weight  = 14.0075 
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Table  A-7-1  Thermodynamic  Functions  for  N - continued 


T -(F°-H°) 


6400. 

48.4885 

6500. 

48.5680 

6600. 

48.6465 

6700. 

48,7238 

6800. 

^f8,8000 

6900. 

48,8751 

7000. 

48,9493 

7100. 

49,0224 

7200. 

49.0946 

7300. 

49.1658 

74oO» 

49,2361 

75oO» 

49.3056 

76oO. 

49,3741 

77  00. 

49,4419 

7800. 

49,5087 

7900. 

49,5748 

8000. 

49,6402 

8100. 

49.7047 

8200. 

49.7685 

8300. 

49,8316 

8400. 

49,8939 

8500. 

49,9556 

8600. 

50,0166 

8700. 

50.0769 

8800. 

50,1366 

8900. 

50,1957 

9000. 

50.2541 

9100. 

50.3119 

9200. 

50.3692 

9300. 

50.4258 

9400. 

50.4819 

95  00. 

50.5374 

9600. 

50.5924 

9700. 

50,6468 

9800, 

50.7008 

9900. 

50.7542 

10000. 

50.8071 

lOl 00. 

50.8595 

H°  - H° 

S° 

T 

5.1302 

53,6187 

5.1342 

53.7022 

5.1382 

53.7847 

5.1423 

53.8660 

5,1463 

53,9463 

5,1504 

54,0255 

5.1544 

54,1037 

5.1584 

54,1808 

5.1625 

54,2570 

5.1665 

54,3323 

5.17o5 

54*  4q66 

5.1745 

54,4801 

5.1785 

54,5526 

5.1824 

54,6243 

5.1863 

54,6951 

5.1903 

54,7651 

5.1941 

54.8343 

5.1980 

54,9027 

5.2018 

54,9703 

5,2056 

55.0372 

5.2094 

55.1033 

5.2131 

55.1688 

5,2168 

55.2335 

5.2205 

55,2975 

5.2242 

55.3608 

5.2278 

55.4235 

5.2314 

55,4855 

5.2349 

55.5468 

5.2384 

55.6076 

5.2419 

55,6677 

5.2453 

55.7272 

5.2487 

55.7862 

5.2521 

55.8445 

5.2555 

55.9023 

5.2588 

55.9595 

5.2620 

56.0162 

5.2653 

56.0724 

5.2685 

56.1280 

0 0^ 
o 

H°  - H° 

5,3861 

32833.3 

5.3953 

33372.4 

5,4042 

33912.3 

5,4129 

34453.2 

5,4213 

34994,9 

5,4294 

35537.4 

5,4373 

36080.8 

5,4449 

36624.9 

5,4524 

37169.7 

5.4595 

37715.3 

5.4665 

38261.6 

5,4732 

38808.6 

5,4797 

39356.3 

5,4860 

39904.6 

5,4921 

40453.5 

5,4980 

41003.0 

5,5038 

41553.1 

5,5093 

42103.7 

5.5147 

42654,9 

5,51°8 

43206.7 

5,5249 

43758.9 

5.5297 

44311.6 

5,5344 

44864.8 

5,5390 

45418,5 

5,5434 

45972'.6 

5.5477 

46527.2 

5,5519 

47082.2 

5,5560 

47637.6 

5,5599 

48193.4 

5,5637 

48749.6 

5,5674 

49306.1 

5.5710 

49863.0 

5,5745 

50420. 3 

5,5779 

50977.9 

5,5813 

51535.9 

5,5845 

52094. 2 

5,5877 

52652.8 

5,5908 

53211.7 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  °K'l  (or  “C'^  ) 

0.071390 

joules  g ^ °K  ^ (or  “C  ^ ) 

0.29870 

Btu  Ib"^  °R'^  (or  °F'^) 

0.071343 
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Table  A-8-1  Thermodynamic  Functions  for  O"*” 

T -(F°-H°)  H°  - H° 

°K  ^ S° 

n 

H°  - 

273,15 

31.6076 

4.9681 

36.5758 

4,9681 

1357. 

298.15 

92.0427 

4.9681 

37,0109 

4,9681 

1481. 

1000. 

38.0549 

4.968 1 

43.0231 

4.9681 

4968 

1100. 

38.5285 

4.9681 

43,4966 

4,9681 

5465 

1200. 

38.9608 

4.9681 

43.9289 

4,9681 

5961 

1300. 

39.3584 

4.9681 

44.3266 

4.9681 

6458 

1400. 

39.7266 

4.9681 

44.6947 

4,9681 

6955 

15  00, 

40.0694 

4.9681 

45,0375 

4,9681 

7452 

1600. 

40.3900 

4.9681 

45.3581 

4,9682 

7949 

1700. 

40.6912 

4.9681 

45,6593 

4,9682 

8445 

1 8oO. 

40.9752 

4,9681 

45.9433 

4,9682 

8942 

1 'loo. 

41,2438 

4.9682 

46.2119 

4,9682 

94’9 

2000. 

41,4986 

4.9682 

46,4668 

4,9682 

99^6 

2l00* 

41.7410 

4.9682 

46.7092 

4,9682 

10433 

2200. 

41,9721 

4.9682 

46.9403 

4.9682 

10929 

23oO. 

42.1930 

4.9682 

47.1611 

4,9682 

11426 

2400. 

42,4044 

4.9682 

47,3726 

4,9683 

11923 

2500. 

42.6072 

4,9682 

47,5754 

4,9684 

12420 

2600, 

42.8021 

4.9682 

47.7703 

4,9685 

12917 

2700. 

42.9896 

4.9682 

47,9578 

4,9688 

13414 

2800. 

43.1703 

4.9682 

48.1385 

4,9691 

13911 

2900. 

43.3446 

4.9683 

48.3129 

4,9696 

14408 

3000, 

43,5130 

4.9683 

48.4813 

4,9703 

14904 

3100, 

43.6759 

4,9684 

48.6443 

4.9712 

15402 

3200. 

43.8337 

4.9685 

48.8022 

4,9724 

15899 

3300. 

43.9866 

4.9686 

48.9552 

4.9738 

16396 

3400. 

44, 1349 

4.9688 

49.1037 

4,9757 

16894 

3500, 

44.2789 

4,9690 

49.2480 

4,9780 

17391 

3600. 

44,4189 

4,9693 

49.3883 

4.9809 

17889 

3700. 

44.5551 

4.9697 

49.5248 

4,9842 

18387 

3800. 

44,6876 

4.9701 

49.6578 

4.9882 

18886 

3900. 

44,8167 

4.9706 

49, ■'874 

4,9929 

19385 

4000. 

44,9426 

4.9713 

49.9139 

4.9983 

19885 

4100. 

45,0654 

4.9720 

50.0374 

5.0046 

20385 

4200. 

45.1852 

4.9729 

50.1580 

5.0116 

20886 

^3oO« 

45.3022 

4,9730 

50.2761 

5,0196 

21387 

4400. 

45.4166 

4.9750 

50.3916 

5,0284 

21890 

45oO. 

45,5284 

4.9763 

50.5047 

5.0383 

22393 

46o0. 

45,6378 

4.9778 

50.6155 

5,0491 

22897 

^TOO. 

45,7448 

4.9794 

50.7242 

5.0610 

23403 

^8oO* 

45,8497 

4,9812 

50.8309 

5 ,0740 

23909 

49oO. 

45,9524 

4,9833 

50. '’357 

5.0880 

24418 

5000. 

46.0531 

4.9855 

51.0386 

5,1031 

24927 

5100. 

46.1519 

4,9880 

51,1398 

5.1193 

25438 

5200. 

46,2487 

4.9907 

51.2394 

5.1367 

25951 

5300. 

46.3438 

4,9936 

5 1.2374 

5,1551 

26466 

54  00, 

46.4372 

4.9968 

5 1.4340 

5 ,1746 

26982 

55  00, 

46,5289 

5 . 0002 

51 .6291 

5,1951 

27501 

5600. 

46.6191 

5,0039 

51.6229 

5,2168 

28021 

57  00, 

46,7077 

5 . 0078 

51.7154 

5,2395 

28544 

58oO. 

46.7948 

5.0I20 

51.8068 

5,2632 

29069 

59oO. 

46 ,88o5 

5.0164 

51.8969 

5,2879 

29597 

6000. 

46.9649 

5.0212 

51.9860 

5,3135 

30127 

61  00. 

47,0^79 

5.0262 

52.0741 

5, 3401 

30659 

6200. 

47.1297 

5,0315 

52,1611 

5,3676 

31  195 

63oO. 

47.2102 

5.0370 

52.2472 

5,3959 

31733 

The  tables  are  in  units  of  calories,  moles  and  °K.  See  reverse  side  for 
conversion  factors  to  other  units.  The  atomic  weight  = 15.9995 
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Table  A-8-1  Thermodynamic  Functions  for  O"*”.  - continued 


T 

H°  - H° 

°K 

S° 

C° 

H°  - H° 

T 

T 

P 

0 

640n. 

47.2896 

5.0429 

52.3324 

5.4250 

322‘'4 

ftftno. 

47,3678 

5 , 0,49  0 

52,4168 

5.4550 

3 2 8 1 8 

ftfton* 

47.4449 

5.0554 

52.ft003 

5 ,485ft 

33  36  4 

67  on. 

47,5210 

5.0620 

52.5830 

5.516° 

3391  4 

6800, 

47,5961 

5.0689 

52.6650 

5.5489 

34468 

6900. 

47,6701 

5.0761 

52.7462 

5,4814 

3 5 02  4 

7000. 

47,7432 

5,0836 

52.8268 

5.6145 

35585 

7100. 

47,8154 

5.0913 

52.9067 

5,6481 

36  148 

7200. 

47,8866 

5.0993 

52.9859 

5,6821 

36714 

7300. 

47,9570 

5.1075 

53.0645 

5,7165 

37284 

7400. 

48.0266 

5.1159 

53.1425 

5.7513 

37858 

7500. 

48.0953 

5.1247 

53.2200 

5,7863 

38434 

7600, 

48.1632 

5.1336 

43.2968 

5.8216 

39015 

77  00, 

48,2304 

5.1428 

53.^732 

5.8571 

39599 

7800. 

48,2968 

5.1521 

53.4490 

5 ,8928 

40  186 

7900, 

48.3625 

5.1617 

53.5243 

5,9285 

40777 

Bonn. 

48,4275 

5.1716 

53.5991 

5,9644 

41  372 

8 1 no. 

48.4918 

5.1816 

53,6734 

6,0002 

41970 

82oo, 

48,5555 

CO 

O' 

• 

53.7472 

6.0360 

42572 

83on. 

48,6184 

5.2022 

53.8206 

6.0717 

43177 

8400. 

48 .6808 

5.2127 

53,8935 

6,1074 

43786 

85  00. 

48.7426 

5.2234 

53.9660 

6.1428 

44399 

86  00. 

48,8037 

5.2343 

54,0381 

6.1781 

45015 

8700. 

48,8643 

5 . 2454 

54.1097 

6.2132 

45634 

8800. 

48,9243 

5.2566 

54.1809 

6.2480 

46258 

8900. 

48,9838 

5.2679 

54,2517 

6,2825 

46884 

9000. 

49,0427 

5.2794 

54.3221 

6,3166 

47514 

9100. 

49,1011 

5.2910 

54.3921 

6,3504 

48  147 

'’200. 

49, 1590 

5.3027 

54,4617 

6, 3838 

48784 

93oO. 

49,2164 

5,3145 

54.5308 

6,4168 

49424 

94oO, 

49,2733 

5.3264 

54,5997 

6.4494 

50067 

95oO« 

49.3297 

5. 3384 

54,6681 

6.4814 

50714 

96no» 

49,3857 

5.35o^ 

54.7361 

6.5130 

51  364 

9700. 

49,4412 

5.3626 

54.8038 

6.5441 

52017 

9800, 

49,4962 

5.3748 

54.8710 

6,5746 

52673 

9900. 

49,5509 

5.3871 

54,9379 

6,6045 

53331 

loooo. 

49.6051 

5 . 3994 

55.0045 

6,6339 

53993 

10100. 

49,6589 

5.4118 

55.0706 

6,6627 

54658 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  °K'l  (or  “C’^  ) 

0.06250? 

joules  g ^ °K  ^ (or  °C  ^ ) 

0.26151 

Btu  lb‘^  -R'^  (or  °F'^) 

0.062461 

4 

? 

4 

8 

? 

1 

2 

7 

ft 

0 

9 

3 

? 

7 

8. 

4 

7 

5 

9 

8 

3 

4 

9 

0 

5 

ft 

8 

ft 

6 

9 

4 

? 

0 

0 

9 

9 

7 
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Table  A-9-1 


Thermodynamic  Functions  for 


T 

°K 

-(F°-H°) 

T 

H°  - H° 
T 

S° 

C° 

P 

H°  - H° 

273. 

15 

7?,77R3 

5.3560 

38 . 13A3 

5.6453 

1463.0 

2P8. 

15 

5.3792 

38.6275 

5,6169 

1603.8 

1 nno. 

39,7704 

5.3073 

45,0777 

5.0°73 

5307.3 

lino. 

40,2753 

5.2873 

45.5625 

5,0771 

5816.0 

1 200. 

40.7345 

5.2691 

46.0036 

5.0613 

6322.9 

1 3no. 

41,1556 

5.2526 

46.4082 

5,0486 

6828.3 

1400. 

41,5443 

5.2376 

46.7820 

5.0383 

7332.7 

1 5no» 

41.9052 

5.2240 

47.1293 

5,0298 

7836.1 

1 6o0» 

42.2420 

5.2117 

47.4536 

5,0228 

8338.7 

1700. 

42.5576 

5.2004 

47.7580 

5 .0169 

8840.7 

1 8 00  . 

42,8545 

5, 19o0 

48 . 0446 

5,0119 

'5342. 1 

1900* 

43 .1349 

5.1806 

48.3154 

5 . 0076 

0843. 1 

2 000. 

43 , 4oo4 

5.1718 

48.5722 

5,0040 

10343.6 

2 1 00. 

43,6525 

5.1637 

48.8163 

5.0009 

10843.9 

2200. 

43,8926 

5.1563 

49,0488 

4,9982 

11343.8 

2300. 

44,1216 

5.  1494 

49,2710 

4,9959 

1 1843.5 

2400. 

44 ,3406 

5.1429 

49.4836 

4,9940 

12343.0 

2500. 

44.5505 

5.1369 

49.6874 

4.9925 

12842.3 

2600. 

44,7518 

5.1314 

49,8832 

4.9912 

13341.5 

2700. 

44.9454 

5.1261 

50.0715 

4.9904 

13840.6 

2800. 

45.1317 

5.1213 

50.2530 

4,9898 

14339.6 

2900. 

45.3117 

5.1167 

50.4281 

4.9896 

14838.6 

3000. 

45 ,4847 

5.1125 

50.5973 

4.9898 

15337.5 

31  00. 

45.6523 

5.1086 

50.7609 

4,9903 

15836.5 

3200. 

45,8144 

5. 1049 

50.9193 

4,9912 

16335.6 

3300. 

45.9715 

5.1015 

51.0729 

4,9925 

16834.8 

3400. 

46,1237 

5,0983 

51.2220 

4,9942 

17334. 1 

3500. 

46.2715 

5,0953 

5 1.3668 

4,9963 

17833.6 

3600. 

46.4150 

5.0926 

5 1.5076 

4,9988 

18333.4 

3700. 

46.5545 

5.0901 

5 1.6446 

5.0018 

18833.4 

3800. 

46.6902 

5.0878 

51.7780 

5.0051 

19333.8 

3900. 

46.8223 

5.0858 

51.9081 

5,0089 

19834.5 

4000. 

46.9510 

5.0839 

52.0349 

5.0131 

20335.6 

4100. 

47 . 0766 

5.0822 

52.1588 

5.0177 

20837.1 

4200. 

47. 19Q0 

5,0807 

52.2798 

5,0227 

21339.1 

43o0. 

47.3186 

5.0795 

52.3980 

5.0281 

21841.6 

4400. 

47.4353 

5.0783 

52.5137 

5.0338 

22344.7 

45  00. 

47.5494 

5, 0774 

52,6269 

5,0399 

22848.4 

4600. 

47.6610 

5.0767 

52,7377 

5 . 0464 

23352.7 

4700. 

47.7702 

5.0761 

52,8463 

5,0531 

23857.7 

4800. 

47.8771 

5.0757 

52.9528 

5,0602 

24363.4 

4900. 

47.9817 

5.0755 

5-3.0572 

5.0676 

24869.7 

5000. 

48 . 0842 

5. 0754 

53.1596 

5,0752 

25376.9 

5100. 

48.1847 

5.0755 

53.2602 

5,0831 

25884.8 

52  00'. 

48.2833 

5.0757 

53.3590 

5.0911 

26393.5 

5300, 

48 .3800 

5.0760 

53.4560 

5,0994 

26903.0 

5400, 

48.4749 

5.0766 

53.5514 

5 .1079 

27413.4 

5500. 

48.5680 

5.0772 

53.6452 

5.1165 

27924.6 

5600. 

48.6595 

5.0780 

53.7375 

5.1253 

28436.7 

57o0. 

48.7494 

5.0789 

53.8283 

5,1341 

28949.7 

5800. 

48.8378 

5,0799 

53,9177 

5.1431 

29463.5 

5900. 

48.9246 

5.0811 

54.0057 

5.1522 

29978.3 

6000. 

49.0100 

5.0823 

54.0923 

5.1613 

30494.0 

6100. 

49.0940 

5.0837. 

54.1777 

5.1704 

31010.6 

6200. 

49.1767 

5.0852 

54.2619. 

5,1796 

31 528.1 

6300. 

49.2581 

5.0867 

54,3448 

5,1888 

32046.5 

The  tables 
conversion 

are  in  xmits  of 
factors  to  other 

calories 

units. 

moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
19.00 

for 
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Table  A-9-1  Thermodynamic  Functions  for  F^  - continued 


T 

°K 

-(F°-H°) 

T 

H°  - H° 
T 

S° 

C" 

P 

OO 

1 

o 

64no, 

49.3382 

5.0884 

S 4 • 4?66 

5.1980 

32565.8 

65nn, 

49.4171 

5 . 0902 

54.5073 

5.2072 

33086. ] 

66nn. 

49.4948 

5.0920 

*0  4 * 5 8 68 

5.2163 

33607.3 

67nn. 

49.5714 

5.0939 

54.6653 

5.2254 

34129.3 

68no. 

49.6469 

5.0959 

54.7428 

5 .2344 

34652.3 

69nn. 

49.7213 

5.0980 

54.8193 

5.2434 

35176.2 

7nno. 

49.7947 

5.1001 

54.8948 

5,2522 

35701.0 

7ino. 

49.8670 

5.1023 

54.9694 

5.2610 

36226.7 

7200. 

49.9384 

5.1046 

55.0430 

5,2697 

36753.2 

7300. 

50.0088 

5. 1069 

55.1158 

5 .2783 

37280.6 

7400. 

50.0783 

5.1093 

55.1876 

5 .2868 

37808.8 

75  no. 

50.1469 

5.1117 

55.2587 

5.2951 

38337.9 

7600. 

50.2147 

5.1142 

55.3289 

5,3033 

38867.9 

77  on. 

50.2815 

5.1167 

85.303? 

5,3114 

39398.6 

78  00. 

50.3476 

5.1192 

55.4663 

5.3194 

39930. 1 

79on. 

50.4 1?8 

5.1218 

55.8346 

5.3272 

40462.5 

8000. 

50.4772 

5.1244 

55.6017 

5,3348 

40°95 . 6 

8100. 

5 0 . 54o9 

5.1271 

55.6680 

5.3423 

41529.4 

8200. 

50.6038 

5.1298 

55.7336 

5,3497 

42064.0 

8300. 

50.6660 

5. 1325 

55.7985 

5 ,3569 

42599,4 

84n0. 

50.7275 

5.1352 

55.8627 

5 . 3639 

43135.4 

8500. 

50.7883 

5.1379 

55.9262 

5,3708 

43672.2 

8600. 

50.8484 

5.1406 

55.98°] 

5.3775 

44209.6 

8700. 

50.0079 

5. 1434 

56.0513 

5 , 3841 

44747.7 

88  00. 

50.9667 

5. 1 462 

56.1128 

5 . ’905 

^5286.4 

89  no  . 

51.0248 

5 . 1 49n 

56.1738 

5.3967 

45825.8 

9ono» 

51.0824 

5.1517 

56.2341 

5,4028 

46  36 3 • 7 

91  no. 

51.1 393 

5.1545 

56.2939 

5.4087 

46906.3 

92nn. 

51 . 1957 

5.1573 

56.3530 

5.4145 

47447.5 

9300. 

51.2514 

5.1601 

56.4116 

5,4200 

47989.2 

94n0. 

51 . 3o66 

5.1629 

56.4696 

5,4255 

48531.5 

95  no. 

51.3613 

5.1657 

56.5270 

5,4307 

49074.3 

9600. 

51.4154 

5.1685 

56.5839 

5.^358 

49617.6 

9700. 

5 1.4690 

5.1713 

56.6403 

5.4408 

50161.4 

9800. 

5 1.5220 

5.1741 

56.6961 

5.4455 

50705.8 

99n0. 

51.5746 

5.1 768 

56.7514 

5.4502 

51250.5 

1 noon. 

51 .6266 

5.1796 

56.8062 

5,4546 

51795.8 

1 ol on. 

51.678? 

5.1323 

56.8605 

5,4590 

52341.5 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  °K'^  (or  “C’^  ) 

0.052632 

joules  g ^ °K  ^ (or  “C  ^ ) 

0.22021 

Btu  Ib'^  °R'^  (or  °F'3 

0.052598 
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Table  A-10-1  Thermodynamic  Functions 

for  Ne 

T -(F°-H°) 

°K  j 

H°  - H° 
T 

S° 

C° 

P 

H°  - H° 

273.15  32.315° 

298.15  32.7575 

5.93^2 

5.0533 

37,^501 

37.8109 

5.2379 

5.2858 

1 375. 1 
1506.6 

lono. 

39.0461 

5.2804 

44.3265 

5.2704 

5280.4 

lino. 

39.5493 

5.2779 

44.8272 

5. 7367 

5805.7 

1 200. 

40.0083 

5.2732 

45.2815 

5.2074 

6327.9 

1 300. 

40.^302 

5.2672 

45.6973 

5.1819 

6847.3 

1 5no* 

4 0 • 8 2 0 3 

5.2603 

46.0805 

5.1600 

7 364 . 4 

15oo. 

41.1829 

5.2529 

46.4359 

5.1410 

7879.4 

1600. 

41.3217 

5.2454 

46.7671 

5 . 1 244 

8 3 9 2 • 6 

1 7o0. 

41 .8395 

5.2379 

47.0773 

5.1100 

8904.3 

1 8 no. 

42.1386 

5.2304 

47.3690 

5.0975 

9414.7 

1900. 

42.4212 

5.2231 

47.6443 

5.0864 

9923.9 

2 000. 

42.6890 

5. 2160 

47.9050 

5.0767 

10432.0 

2100. 

42.9433 

5.2092 

48.1525 

5.0681 

10939.3 

2200. 

43.1855 

5.2026 

48.3881 

5.0604 

1 1 445.7 

2300. 

43.4166 

5.  1962 

48.6128 

5.0536 

1 1951.4 

2400. 

43.6376 

5.1902 

48.8278 

5 .0474 

12456.4 

2500. 

43.8494 

5.1844 

49.0337 

5.0419 

1 2960,0 

2600. 

44.0526 

5.1788 

49.2314 

5.0370 

1 3464,8 

2700. 

44.2479 

5.1734 

49.^214 

5.0325 

1 3988. 3 

2800. 

44.4360 

3.1683 

49.6043 

5.0284 

14471. 3 

2900. 

44.6173 

5.1634 

49.7807 

5.0247 

14974.0 

3000. 

44.7922 

5.1 588 

49.9510 

5.0214 

l‘"476,3 

3100. 

44.9613 

5.1543 

50.1156 

5.0183 

15978.3 

3200. 

45.1249 

5.1500 

50.2749 

5.0154 

1 6479,9 

33  00. 

45.2833 

5.1459 

50.4292 

5.0129 

16981.4 

3400. 

45.4369 

5.1419 

50.5788 

5.0105 

17482.5 

3500. 

45.3859 

5.1381 

50.7240 

5.0083 

17983,5 

3600. 

45.3306 

5.1 345 

50.8651 

5.0067 

18484, 2 

3700. 

45.8712 

5.1310 

51.0022 

5 .0043 

18984,7 

3800. 

46.0080 

5.1276 

51.1356 

5.0026 

19485,1 

3900. 

46.141  1 

5.1244 

5 1.2656 

5 . 0009 

1 9085,2 

4000. 

46 . 27o8 

5.1213 

5 1 .3921 

4,9994 

7'i485,2 

4 1 00. 

46.3973 

5.1183 

31.5156 

4,9980 

?o985. 1 

4200. 

46.3206 

5.1154 

5 1 .6360 

4,9967 

21 484.9 

4300. 

46 . 64o9 

5.1127 

51.7536 

4,9955 

21984.5 

4400. 

46.7584 

5.1100 

5 1 .8684 

4,9943 

22483.9 

4500. 

46.8732 

5.1074 

51.9806 

4.9932 

22983.3 

4600. 

46.9854 

5 . 1 049 

52.090^ 

4,9922 

23482.6 

4700. 

47.0952 

5.1025 

52.1977 

4.9912 

23981.8 

4800. 

47.2026 

5.1002 

52.3028 

4,9903 

24480.8 

4900. 

47.3077 

5.0979 

52.4057 

4.9895 

24979.8 

5000. 

47.4107 

5.0957 

52.5065 

4,9887 

25478.7 

5 100. 

47.3116 

5.0936 

52.6052 

4,0879 

25977.6 

5200. 

47.6105 

5.0916 

32.7021 

4.0R77 

26476.3 

5300. 

47.7073 

5.0896 

52.7971 

4,9865 

26971.0 

54o0. 

47.8026 

5.0877 

52.890? 

4,985° 

77473.6 

55oO* 

47.8959 

5.0859 

52.9818 

4,9853 

27972.7 

56nO« 

47.9875 

5 . o84o 

5 3.0716 

4,0847 

28470.7 

57oo. 

48.0775 

5.0823 

53.1598 

4,9841 

?8°69. 1 

5800. 

48.1659 

5.0806 

53.2465 

4,9836 

29467.1 

59oO. 

48.2527 

5.0790 

53.3317 

4,9831 

29965.8 

6000. 

48.3381 

5.0774 

53.4154 

4,9826 

30464 . 1 

6100. 

48.4220 

5.0758 

53.4978 

4.9822 

30962.^ 

6200. 

48.5045 

5.0743 

53.5788 

4.981  7 

31460.6 

6300. 

48.3857 

5.0728 

53.6585 

4,9813 

31958.7 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories , 
units. 

moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
20.1825 

for 
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Table  A-10-1 


Thermodynamic  Functions  for  Ne  - continued 


T 

°K 

1 

o 

1 1 
oo 

H°  - H° 

T 

T 

64nn, 

48.6656 

5.0714 

65  no. 

48.7442 

5,0700 

66no. 

48.8216 

5,0686 

67no. 

48.8978 

5.0673 

68no. 

48.0728 

5,0660 

6900. 

49,0468 

5.0648 

7000, 

49,1197 

5.0635 

7100. 

49.1915 

5.0623 

7200. 

49.2623 

5.0612 

7300. 

49.3321 

5.C600 

7400. 

49.4009 

5,0589 

75no. 

49,4688 

5.0578 

7600. 

49.5358 

8.0568 

77  00. 

49.6010 

5.0558 

7800. 

49.6671 

5.0547 

7900. 

49.7315 

5.0538 

8000. 

49.7951 

5.0528 

81  00. 

49.8578 

5.0518 

8200, 

49.9198 

5.0509 

8300. 

49.9810 

5.0500 

8400. 

50.0415 

5.0491 

8500. 

50.  1013 

5.0483 

8600. 

50.1603 

5. 0474 

87no. 

50.2186 

5 . 0466 

88n0. 

50.2363 

5 . 0458 

89no. 

50.3333 

5.0450 

9000. 

50.3807 

5 . 0442 

9100. 

50.4454 

5,0434 

9200. 

50. 5005 

5.0427 

9300. 

50.5550 

5. 0420 

9400. 

50.6000 

5.0412 

9500. 

50.6623 

5.0405 

9600. 

50.7151 

5.0398 

9700. 

50.7673 

5.0392 

9800. 

50.8190 

5.0385 

99n0. 

50.8701 

5.0378 

loooo. 

50.9208 

5.0372 

loloo. 

50.9709 

5.0366 

S° 

C° 

P 

H°  - H° 

53,7369 

4,9809 

32456,8 

53.8142 

4,9806 

32954,9 

53.8902 

4,9802 

33452.9 

53.9651 

4,9799 

33950,9 

54,0380 

4,9795 

34448.9 

54.1115 

4,9792 

34946.8 

54,1832 

4,9789 

35444.7 

54,2538 

4,9786 

35942.6 

54.3234 

4,9783 

36440.5 

54,3921 

4,9781 

36938.3 

54,4598 

4,9778 

37436.1 

54.5267 

4,9776 

37933.9 

54,5926 

4,9773 

38431.6 

54,6576 

4,9771 

38929.3 

54.7219 

4,9769 

39427.0 

54,7853 

4,9767 

39924.7 

54,8479 

4,9764 

40422.3 

54.9097 

4,9763 

40920i0 

54,9707 

4,9761 

41417.6 

55.0311 

4,9759 

41915.2 

55.0906 

4,9757 

42412.8 

55,1495 

4,9755 

42910.3 

55.2077 

4,9754 

43407.9 

55,2652 

4,9752 

43905.4 

55.3221 

4,9750 

44402.9 

55.3783 

4,9749 

44900.4 

55.4339 

4,9747 

45397.9 

55.4889 

4,9746 

45895.4 

55.5432 

4,9745 

46392.8 

55.5970 

4,9743 

46890. 3 

55.6502 

4,9742 

47387.7 

55,7029 

4,9741 

47885.1 

55,7549 

4,9740 

48382.5 

55.8065 

4,9738 

48879.9 

55.8575 

4,9737 

49377.3 

55.9080 

4,9736 

49874.6 

55.9580 

4,9735 

50372.0 

56,0075 

4,9734 

50869.3 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g"  ^ (or  °C"^  ) 

0.049548 

joules  g °K  ^ (or  °C  ^ ) 

0.20731 

Btu  lb‘^  °R'^  (or  °F'S 

0.049516 
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Table  A-11-1  Thermodynamic  Functions  for  Na 


T 

°K 

T 

0 

1 

oo 

S° 

C'' 

P 

0 

1 

oo 

273. 

15 

29.9332 

4.9681 

34.9014 

4.9681 

1357. 1 

298. 

15 

30.3683 

4.9681 

35.3365 

4.9681 

1481.3 

1000. 

36.3806 

4.9681 

41.3487 

4,9681 

4968.1 

1 1 00. 

36.8541 

4,9681 

41.8222 

4,9681 

5465.0 

1200. 

37.2864 

4.9681 

42.2545 

4.9681 

5961.8 

1300. 

37.6840 

4.9681 

42.6522 

4,9681 

6458.6 

1400. 

38.0522 

4.9681 

43,0204 

4,9681 

6955.4 

15no. 

38.3950 

4.9681 

43.3631 

4,9681 

7452.2 

1600. 

38.7156 

4,968  1 

43.6838 

4.9681 

7949.0 

1700. 

39.0168 

4,9681 

43.9850 

4.9681 

8445.9 

1800. 

39.3008 

4.9681 

44.2689 

4,9681 

8942.7 

1900. 

39.5694 

4.9681 

44,5375 

4,9681 

9439.5 

2000. 

39.8242 

4.9681 

44,7924 

4,9681 

9936.3 

2100. 

40. 0666 

4.9681 

45,0348 

4,9681 

10433. 1 

2200. 

40.2977 

4,9681 

45.2659 

4,9681 

10929,9 

2300. 

40.51P6 

4.9681 

45.4867 

4,9681 

11426.7 

2400. 

40.7300 

4.9681 

45.6982 

4,9681 

1 1923.6 

2500. 

40.9328 

4.9681 

45,9010 

4.9681 

12420.4 

2600. 

41.1277 

4.9681 

46,0958 

4,9681 

12917.2 

2700. 

41.3152 

4,9681 

46,2833 

4,9681 

13414,0 

2800. 

41.4959 

4.9681 

46.4640 

4,9681 

13910.8 

2900. 

41.6702 

4.9681 

46,6384 

4.9681 

14407.6 

3000. 

41.8386 

4.9681 

46.8068 

4,9681 

14904.4 

3100. 

42.0015 

4.9681 

46.9697 

4,9681 

15401.3 

3200. 

42.1593 

4.9681 

47.1274 

4,968 1 

15898.1 

3300. 

42.3122 

4.9681 

47.2803 

4,9681 

16394,9 

3400. 

42 .4605 

4.0681 

47,4286 

4.9681 

16891.7 

3500. 

42.6045 

4.9681 

47,5726 

4,968] 

17388.5 

3600. 

42,7444 

4.9681 

47,7126 

4.9681 

17885.3 

3700. 

42,8806 

4.9681 

47,8487 

4,968] 

18382.2 

3800. 

43,0131 

4.9681 

47.9812 

4,9681 

18879.0 

3900. 

43,1421 

4,9681 

48.1103 

4,9681 

19375,8 

4000. 

43,2679 

4,9681 

48,2360 

4,9681 

19872.6 

4100. 

43.3906 

4.9681 

48.3587 

4,9681 

20369.4 

4200. 

43,5103 

4.9681 

48,4784 

4,9681 

20866.2 

4300. 

43.6272 

4.9681 

48.5953 

4,9681 

21 363. D 

4400. 

43,7414 

4.9681 

48,7096 

4,9681 

21859,9 

45  00. 

43.8531 

4.9681 

48,8212 

4,9681 

22356.7 

4600. 

43.9622 

4.9681 

48.9304 

4,9681 

22853.5 

47o0. 

44,0691 

4.9681 

49.0372 

4,9681 

23350.3 

4800. 

44,1737 

4.9681 

49.1418 

4,9681 

23847.1 

4900. 

44,2761 

4.9681 

49,2443 

4,9681 

24343.9 

5000. 

44.3765 

4.9681 

49,3447 

4,9681 

24840.7 

5100. 

44,4749 

4,9681 

49,4430 

4,9681 

25337,6 

5200. 

44,5714 

4.9681 

49.5395 

4.9681 

25834.4 

5300. 

44 .6660 

4,9681 

49,6341 

4,9681 

26331.2 

5400. 

44,7589 

4.9681 

49.7270 

4,9681 

26828.0 

5500. 

44.8500 

4.9681 

49,8182 

4,9681 

27324.8 

5600. 

44,9395 

4.9681 

49,9077 

4,9681 

27821.6 

5700. 

45.0275 

4,9681 

49,9956 

4,9681 

28318.5 

5800. 

45,1139 

4.9681 

50.0820 

4,9681 

28815.3 

5900. 

45.1988 

4,9681 

50.1670 

4,9681 

29312.1 

6000. 

45,2823 

4.9681 

50,2505 

4,9681 

29808.9 

6100. 

45 .3644 

4.9681 

50.3326 

4,9681 

30305.7 

6200. 

45.4452 

4.9681 

50.4134 

4,9681 

30802.5 

6300. 

45,5247 

4,9681 

50.4928 

4,9681 

31 299.3 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories 

units. 

, moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
22.9905 

for 
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Table  A-11-1  Thermodynamic  Functions  for  Na^  - continued 


T 

°K 

T 

H°  - H° 
T 

S° 

C° 

P 

H°  - H° 

6400. 

45.6029 

4.9681 

50.5711 

4,9681 

31796 

6500. 

45.6800 

4.9681 

50.6481 

4,9681 

32293 

6600. 

45.7558 

4.9681 

50.7240 

4.9681 

32789 

6700. 

45.8305 

4.9681 

50.7987 

4,9681 

33286 

6800. 

45.9041 

4.9681 

50.8723 

4,9681 

33783 

6900. 

45.9767 

4.9681 

50.9448 

4,9681 

34280 

7000. 

46.0481 

4.9681 

51.0163 

4,9681 

34777 

7100. 

46.1186 

4.968  1 

51.0868 

4.9681 

35273 

T200. 

46.1881 

4.9681 

51.1563 

4.9681 

35770 

7300. 

46.2566 

4.968  1 

51.2248 

4,9681 

36267 

7400. 

46.3242 

4.9681 

51.2924 

4,9681 

36764 

75  00. 

46.3909 

4.9681 

5 1.3591 

4,9681 

37261 

7600. 

46.4567 

4.9681 

51.4249 

4,9681 

37757 

7700. 

46.5217 

4.9681 

51.4898 

4,9681 

38254 

7800. 

46.5858 

4.9681 

51.5539 

4,9681 

38751 

7900. 

46.6491 

4.9681 

51.6172 

4,9681 

39248 

8 OOO. 

46.7115 

4.9681 

5 1.6797 

4.9681 

39745 

8100. 

46.7733 

4.9681 

51.7414 

4,9681 

40242 

8200. 

46.8342 

4.9681 

5 1.8024 

4,9681 

40738 

8300. 

46.8944 

4.9681 

51.8626 

4,968 1 

41235 

8400. 

46.9539 

4.9681 

5 1.9221 

4,9681 

41  732 

85o0« 

47.0127 

4.9681 

51.9809 

4,9681 

42229 

86o0» 

47 . o7o8 

4.9681 

52.0390 

4,9681 

42726 

87  00* 

47.1283 

4.9681 

52.0964 

4.9681 

43222 

8800. 

47.1851 

4.9681 

52.1532 

4,9681 

43719 

8900. 

47.2412 

4.968  1 

52.2094 

4,9681 

44216 

9000. 

47.2967 

4.9681 

52.2649 

4.9681 

44713 

9100. 

47.3516 

4.9681 

52.3198 

4.9681 

45210 

9200. 

47.4059 

4.9681 

52.3741 

4.9681 

45707 

9300. 

47.4596 

4.9681 

52.4278 

4.9681 

46203 

9400. 

47.5128 

4.9681 

52.4809 

4,968 1 

46700 

9500. 

47.565? 

4.9681 

52.5335 

4,9681 

47197 

9600. 

47.6174 

4.9681 

52.5855 

4,9681 

47694 

9700. 

47.6688 

4.9681 

52.6370 

4,9681 

48  191 

9800. 

47.7198 

4.9681 

52.6879 

4,9681 

48687 

9900. 

47.7702 

4.9681 

52.7384 

4.9681 

49  184 

1 0000. 

47.8202 

4.9681 

52.7883 

4.9681 

49681 

10100. 

47.8696 

4.9681 

52.8377 

4.9681 

50178 

CONVERSION  FACTORS 

To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  °K’^  (or  °C'^  ) 

0.043496 

joules  g ^ °K  ^ (or  °C  ^ ) 

0.18199 

Btu  Ib'^  °R'^  (or  °F‘^> 

0.043468 

2 

0 

8 

6 

li 

2 

0 

P 

7 

5 

3 

1 

9 

8 

6 

4 

2 

0 

8 

6 

5 

3 

1 

9 

7 

5 

3 

2 

0 

8 

6 

4 

2 

] 

9 

7 

5 

3 
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Table  A-12-1  Thermodynamic  Functions  for  Mg 


T 

°K 


H°  - H° 


S° 


C° 

P 


273.15 

31.4783 

4.9681 

06.4464 

4.9681 

1357 

2P8.15 

31.9134 

4.9681 

36.8815 

4.9681 

1481 

1 ono. 

37.9256 

4.9681 

42.8938 

4.9681 

4968 

1100. 

38.3991 

4.968  1 

43.3673 

4.9681 

5465 

1200. 

38.8314 

4.9681 

43.7996 

4.9681 

5961 

13on. 

39.2291 

4.0681 

44.1972 

4.9681 

6458 

lA  00. 

39.5970 

4.9681 

44.5654 

4.9681 

6955 

1500. 

39.0400 

4.0681 

44.9082 

4.9681 

7452 

1600. 

40.2607 

4.0681 

45 .2288 

4,968  1 

7949 

1700. 

40.5610 

4.9681 

45.5300 

4,9681 

8445 

18  00. 

40.8458 

4.9681 

45.8140 

4,9681 

8942 

1900. 

41.1144 

4.0681 

46.0826 

4.9681 

9439 

2000. 

41.3693 

4.9681 

46.3374 

4,9681 

9936 

2100. 

41.6117 

4.9681 

46.5798 

4.9682 

10433 

2200. 

41.8428 

4.068  1 

46.8109 

4.9682 

10929 

23n0. 

42 .0636 

4.9681 

47.0318 

4.9682 

11426 

2^00. 

42.2751 

4.9682 

47.2432 

4.9682 

11923 

2500. 

42.4770 

4.9682 

47 .4460 

4,9682 

12420 

2600. 

42.6727 

4.9682 

47.6409 

4,9682 

12917 

2700. 

42.8602 

4.9682 

47.8?84 

4.9682 

13414 

2800. 

43.0409 

4.9682 

48.0091 

4,9682 

13910 

2900. 

43.2153 

4.9682 

48.1834 

4,9682 

14407 

3000. 

43.3837 

4.9682 

48.3518 

4,9682 

14904 

3100. 

43.5466 

4.9682 

48.5147 

4,9683 

15401 

3200. 

43.7043 

4.9682 

48.6725 

4,9683 

15898 

3300. 

43.8572 

4.9682 

48.8254 

4.9684 

16394 

3 Ao0» 

44.0055 

4.9682 

48.9737 

4,9685 

16891 

35  00. 

44.149“; 

4.9682 

49.1177 

4,9687 

17388 

36  no. 

44.2890 

4.9682 

49.2577 

4,9689 

17885 

37o0. 

44.4256 

4.9682 

49.3938 

4,9692 

18382 

3800. 

44.5581 

4.9683 

49.5264 

4,9696 

18879 

3900. 

44.6872 

4.9683 

49.6555 

4.9701 

19376 

AOOO. 

44.8120 

4.9684 

49.7813 

4,9707 

19873 

AlOO. 

44.9356 

4.9684 

49.9041 

4.9715 

20370 

42  00. 

45.0554 

4.9685 

50.0239 

4,9725 

20867 

4300. 

45.1723 

4.9686 

50.1409 

4,9736 

21365 

4400. 

45.2860 

4.9687 

50.2552 

4,9750 

21862 

4500. 

45.3982 

4.9589 

50.3671 

4,9767 

22360 

4600. 

45. 5074 

4.9691 

50.4765 

4,9786 

22857 

4700. 

45.6142 

4.9693 

50.5836 

4,9808 

23355 

48  00. 

45.7180 

4.9696 

50.6884 

4,9834 

23854 

4°00. 

45.8210 

4.9699 

50.7912 

4,9864 

24352 

5^00. 

45.9217 

4.9703 

50.8920 

4,9897 

24851 

5100. 

46 . 0202 

4.9707 

50.990° 

4,9935 

25  350 

5200. 

46.1167 

4.9711 

5 1.0879 

4,9978 

25850 

5300. 

46.2114 

4.9717 

51.1831 

5,0025 

26350 

5400. 

46.3043 

4.9723 

51.276’ 

5.0078 

26850 

5500. 

46.3956 

4.9730 

51.3686 

5,0136 

27351 

5600. 

46.485’ 

4.9738 

51  .4590 

5,0200 

27853 

5700. 

46.5732 

4.9747 

51.5479 

5,0269 

28355 

5800. 

46.6598 

4.9756 

51.6354 

5,0344 

28858 

5900. 

46.744° 

4.9767 

51.721° 

5,0426 

29362 

6000. 

46.8285 

4.9779 

5 1.806’ 

5,0514 

29867 

6100. 

46.91nP 

4.9791 

5 1.8899 

5,0608 

30372 

62oO. 

46.991’ 

4.98o9 

5 1.9723 

5,0710 

30879 

6300. 

47 . o7 1 a 

4.9821 

52.0535 

5,0817 

31387 

The  tables 

are  in  units 

of  calories, 

moles  and  °K. 

See  reverse  side 

for 

conversion  factors  to  other  units.  The  atomic  weight  = 24.32 
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Table  A-12-1  Thermodynamic  Functions  for  Mg'*”  - continued 


T 

°K 

T 

H°  - Hg 
T 

S° 

0 

o 

H°  - Hg 

64n0. 

47.1490 

4.9837 

52.1336 

5,0932 

31895, 

65no. 

47.2272 

4,9855 

52.2127 

5,1054 

32405, 

6600. 

47.3033 

4.9874 

52.2907 

5,1182 

32916. 

6700. 

47.3783 

4.9895 

52.3678 

5.1317 

33429. 

6800. 

47.452? 

4.9916 

52.4439 

5,1460 

33943. 

69n0. 

47.5252 

4.9940 

52.5192 

5.1609 

34458. 

7000. 

47.5970 

4.9965 

52.5935 

5.1765 

34975. 

7100. 

47.6679 

4.999  1 

52.6671 

5,1928 

35493. 

7?00. 

47.737° 

5,0019 

82.7398 

5,2098 

36014. 

73no. 

47.806° 

5.0049 

52.8118 

5,2275 

36535. 

7400. 

47.8750 

5.0080 

52.8830 

5,2458 

37059. 

7500. 

47,9422 

5.0113 

52.9536 

5,2648 

37585. 

7600. 

48,0086 

5.0148 

53.0235 

5,2845 

38112. 

7700. 

48 . 0742 

5.0184 

53.0927 

5,3048 

38642. 

7800. 

48,1390 

5,0222 

53.1612 

5,3257 

39173. 

7900. 

48.203° 

5.0262 

53.2292 

5,3473 

39707. 

8000. 

48.266° 

5.0304 

53.2966 

5,3694 

40243. 

8100. 

48,3288 

5.0347 

53.3635 

5,3922 

40781. 

8200. 

48.3906 

5.0392 

53.4298 

5,4156 

41321. 

8300. 

48.45  17 

5.0439 

53.4956 

5,4395 

41864. 

8400. 

48,5121 

5.0487 

53,5609 

5 #4640 

42409. 

8500. 

48.5719 

5.0538 

53.6257 

5,4890 

42957. 

8600. 

48,631° 

5. 0590 

53.6900 

5,5146 

43507. 

8700. 

48.6896 

5.0644 

53.7539 

5,5407 

44059. 

8800. 

48.7475 

5.0699 

53.8174 

5,5673 

44615. 

8900. 

48,8048 

5.0757 

53.8805 

5,5944 

45173. 

9000. 

48,8615 

5.0816 

53.9431 

5,6220 

45734. 

9100. 

48.9177 

5.0877 

54,0054 

5,6501 

46297. 

9200. 

48.9734 

5.0939 

54,0673 

5,6787 

46864. 

9300. 

49.0285 

5.1 004 

54.1288 

5,7077 

47433. 

0400. 

49 . 08°0 

5.1070 

54,1900 

5,7372 

48005. 

9500. 

49,1371 

5. 1138 

54,2509 

5,7672 

48581. 

9600. 

49,190° 

5. 1208 

54.3115 

5,7975 

49159. 

97oO. 

49.2438 

5.1279 

54,3717 

5,8284 

49740. 

9800. 

49,2964 

5.1352 

54.4316 

5,8597 

50324. 

9900. 

49.3486 

5.1427 

54,4913 

5,8914 

50912. 

10000. 

49.400? 

5.150? 

54,5507 

5,9235 

51503. 

loloo. 

49,4516 

5.1581 

54,6098 

5,9561 

52097. 

CONVERSION  FACTORS 

To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  °K‘l  (or  °C'*  ) 

0.041118 

-1  -1  ..  “1  , 

joules  g K (or  C ) 

0.17204 

Btu  Ib'^  °R'^  (or  -F'^) 

0.041091 
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Table  A- 13-1  Thennodynamo  Functions  for  A1 


T 

°K 


-(F°-H°) 


S° 


C° 

P 


«8 


273.15 

30.4102  ■ 

4.9681 

35.3784 

4,9681 

1 357 

298.15 

30.8453 

4.9681 

35.8135 

4,9681 

1481 

inoo. 

36,8576 

4.9681 

41.8257 

4,9681 

4968 

linn. 

37.3311 

4.9681 

42.2992 

4,9681 

5465 

i2nn. 

37,7634 

4.9681 

42.7315 

4,9681 

5961 

i3no. 

38.1610 

4.9681 

43,1292 

4,9681 

6458 

14  no. 

38.5292 

4.9681 

43.4974 

4,9681 

6955 

15nn. 

38.8720 

4.9681 

43,8401 

4,9681 

7452 

16nn. 

39,1926 

4.0681 

44.1608 

4,9681 

7949 

I7nn. 

39,4938 

4.9681 

44,4619 

4,9681 

8445 

18nn. 

39,7778 

4.9681 

44,7459 

4,9681 

8942 

1900. 

40,0464 

4.9681 

45.0145 

4,968  1 

9439 

2onn. 

40.3012 

4.9681 

45,2694 

4,9681 

9936 

21  no. 

40.5436 

4.9681 

45,5118 

4,968  1 

10433 

22nn. 

40.7747 

4.9681 

45.7429 

4,9682 

10929 

23nn. 

40.9956 

4.968  1 

45,9637 

4,9682 

11426 

2400. 

41,2070 

4.9682 

46.1752 

4,9682 

11923 

2500. 

41,4098 

4.9682 

46.3780 

4,9682 

12420 

2600. 

41,604'' 

4.9682 

46,5728 

4,9682 

12917 

2700. 

41.7922 

4.9682 

46,7603 

4,9682 

13414 

2800. 

41.9729 

4.968? 

46.9410 

4,9682 

13910 

29no. 

42.1472 

4.9682 

47,1 154 

4,9682 

14407 

3000. 

42.3156 

4.9682 

47,2838 

4,9682 

14904 

31  00. 

42.4785 

4.9682 

47 . 4467 

4,9683 

15401 

32nO. 

42.6363 

4.9682 

47.60A4 

4,9684 

15898 

33n0« 

42.7891 

4,9682 

47,7573 

4,9685 

16395 

3400. 

42.9375 

4.9682 

47,9056 

4.9687 

16891 

35  no  . 

43,0815 

4.9682 

48 . 0497 

4,9690 

17388 

36oO. 

43.2214 

4.9682 

48.1897 

4,9694 

17885 

3700. 

43,3576 

4,9683 

48.3258 

4,9699 

18382 

3800. 

43.4901 

4.9683 

48.4584 

4,9706 

18879 

3900. 

43.6191 

4.9684 

48.5875 

4,9715 

19376 

4000. 

43,7449 

4.9685 

48.7134 

4,9726 

19873 

4100. 

43.8676 

4,9686 

48,8362 

4,9741 

20371 

4200. 

43.9873 

4,9688 

48  ,9561 

4,9759 

20868 

4300. 

44, 1042 

4.9689 

49,0732 

4,9781 

21366 

4400. 

44.2185 

4,9692 

49.1877 

4,9808 

21864 

4500. 

44,3302 

4.9695 

49,2996 

4,9840 

22362 

4600. 

44,4394 

4,9693 

49.4092 

4,9879 

22861 

4700. 

44,5463 

4.9703 

49.5165 

4,9924 

23360 

48  00. 

44 . 65  09 

4,9708 

49,6217 

4,9977 

23859 

4900. 

44.7534 

4,9714 

49,7248 

5,0039 

24359 

5000. 

44.8539 

4.9721 

49.8260 

5 ,0109 

24860 

5100. 

44.9523 

4.9729 

49.9253 

5,0189 

25362 

5200. 

45 . 0489 

4.9739 

50.0228 

5,0280 

25864 

5300. 

45,1437 

4.9750 

50.1187 

5,0383 

26367 

5400. 

45,2367 

4.9763 

50,2130 

5,0497 

26872 

5 5 00. 

45.3280 

4.0778 

50.3057 

5,0625 

27377 

5600. 

45,4177 

4.9794 

50.3971 

5,0766 

27884 

5700. 

45.5058 

4.9812 

50.4871 

5,0921 

28393 

5800. 

45,5925 

4.9833 

50.5758 

5,1091 

28903 

5900. 

45.6777 

4.9856 

50.6633 

5,1276 

29414 

6000. 

45.7615 

4.9881 

50.7496 

5,1478 

29928 

6100. 

45,8440 

4,9909 

50.8349 

5,1695 

30444 

6200. 

45  .9252 

4.9940 

50.9191 

5,1930 

30962 

6300. 

46.0051 

4.9973 

51.0024 

5,2182 

31483 

The  tables 

are  in  u.iits 

of  calories , 

moles  and  °K. 

See  reverse  side 

for 

• 1 
.0 
• 8 
• 6 

• 4 
.2 
.0 
. 9 
.7 
.5 
.3 
. 1 
,9 

tl 

.6 

• 4 
.2 
.C 

• 8 
• 6 
.5 
. 3 
• 1 
.0 
• 8 
.7 
.6 
• 6 
• 6 
,7 
,9 
. 3 
.8 
.5 

• 4 

.6 

• 2 
.2 
,7 
• 8 
.5 
.0 

• 4 
.7 

• I 
.7 

• 6 
.0 
• 1 
.9 
• 6 
.5 
• 6 
.2 


conversion  factors  to  other  units.  The  atomic  weight  = 26.98 
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Table 

A-13-1  Thermodynamic  Functions 

for  Al"^  - 

continued 

T 

H°  - H° 

OR 

0 

Q 

S° 

C° 

H°  - 1 

T 

T 

P 

64n0. 

46. 0838 

5,0010 

51,0848 

5,2451 

32006 

65no. 

46,1614 

5 ,0050 

51,1663 

5,2739 

32532 

6600» 

46.2379 

5 ,0093 

5 1,2471 

5,3044 

33061 

67no. 

46,3132 

5,0139 

51,3271 

5,3367 

33593 

68n0. 

46.3875 

5,0189 

51.4064 

5,3709  - 

34128 

6900. 

46,4608 

5,0243 

51.4851 

5,4069 

34667 

7000. 

46.5332 

5,0300 

5 1.5632 

5,4448 

35210 

7100. 

46.6045 

5,0361 

51.6407 

5 • 4844 

35756 

7200. 

46.6750 

5,0426 

51.7177 

5,5259 

36306 

7300. 

46.7446 

5, 0495 

51.7942 

5,5692 

36861 

7400. 

46,8134 

5,0569 

5 1.8702 

5,6142 

37420 

75  00;" 

46,8813 

5,0646 

51.9459 

5,6610 

37984 

7600. 

46,9484 

5,0728 

52.0212 

5,7095 

38553 

7700. 

47,0148 

5,0814 

52.0962 

5,7596 

39126 

78o0. 

47 . o8o4 

5.o9o4 

52.1708 

5,8114 

39705 

7900. 

47,1453 

5,0999 

52.2452 

5,8648 

40288 

8 000. 

47,2096 

5,1098 

52.3193 

5,9196 

40878 

8100. 

47,2731 

5,1201 

52.3°32 

5,9760 

41472 

8200. 

47,3360 

5,1309 

52.4669 

6,0338 

42073 

8300. 

47,3982 

5,1421 

52.5404 

6,0930 

42679 

8400. 

47,4569 

5,  1538 

52.6137 

6,1534 

43292 

8500. 

47,5210 

5, 1659 

52.6869 

6,2151 

43910 

8600. 

47,5815 

5,1785 

52.7599 

6,2779 

44535 

8700. 

47,6414 

5,1915 

52.8329 

6,3419 

45166 

8800. 

47, 70n8 

5,2049 

52.9057 

6,4068 

45803 

8900. 

47,7597 

5,2188 

52.9785 

6,4727 

46447 

9000. 

47,8181 

5,2331 

53,0512 

6,5395 

47098 

9100. 

47,8760 

5,2478 

53,1238 

6,6071 

47755 

9200. 

47,9334 

5,2630 

53,1964 

6,6755 

48419 

9300. 

47,99o4 

5,2785 

53,2690 

6,7445 

49090 

9400. 

48,0469 

5,2945 

53,3415 

6,8140 

49768 

95  no. 

48,1031 

5,3109 

53,4139 

6,8841 

50453 

9600. 

48,1589 

5,3276 

53,4864 

6,9546 

51145 

9700. 

48,2141 

5,3448 

53,5588 

7,0255 

51844 

9800. 

48,2690 

5,3623 

53,6312 

7,0967 

52550 

99o0. 

48,3235 

5,3802 

53,7037 

7,1681 

53263 

loooo. 

48,3777 

5,3984 

53,7761 

7,2396 

53983 

lOl 00. 

48,4315 

5,4170 

53,8484 

7,3112 

54711 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  (or  °C‘^  ) 

O.037064 

joules  g ^ “K  ^ (or  “C  ^ ) 

0.15508 

Btu  Ib'^  °R'^  (or  °F'^) 

0.037040 
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Table  A-I4-I  Thermodynamio  Functions  for  Si"*" 


T 

°K 

T 

H°  - Hg 
T 

S° 

0 

0 

0 

00 

273.15 

32.6325 

5.8876 

38.5201 

5.9349 

1608.2 

298.15 

33.1481 

5.8865 

39.0346 

5.8177 

1755.1 

1 000. 

40.0298 

5.4362 

45 .4660 

5.0515 

5436.2 

1 loo. 

40.5462 

5.4005 

45.9467 

5.0366 

5940.5 

1200. 

41.0148 

5.3697 

46.3844 

5.0254 

6443.6 

1 300. 

4 1.4435 

5.3429 

46,7863 

5.0167 

6945.7 

1400. 

41.8385 

5.3193 

47.1579 

5.0098 

7447.0 

1500. 

42 . 2048 

5.2985 

47.5033 

5.0043 

7947,7 

1600. 

42.5462 

5.2799 

47,8261 

4.9998 

8447,9 

17nO. 

42.8658 

5.2634 

48.1291 

4.9961 

8947.7 

I80O. 

43.1662 

5.2484 

48.4146 

4.9930 

9447.2 

1900. 

43.4496 

5.2349 

48.6845 

4.9904 

9946.3 

2000. 

43.7178 

5.2226 

48,9404 

4.9882 

10445.3 

2I0O. 

43.9723 

5.2114 

49,1837 

4,9863 

10944,0 

2200. 

44.2145 

5.2011 

49.4157 

4,9846 

11442.5 

2300. 

44 . 44  5 5 

5.1917 

49,6372 

4,9832 

11940.9 

2400. 

44 .6663 

5.1830 

49.8493 

4.9819 

12439.2 

2500. 

44.8777 

5. 1749 

50.0526 

4,9808 

12937.3 

2600. 

45. 08o5 

5.1674 

50.2479 

4,9799 

13435.3 

27no. 

45.2754 

5. 16o5 

50.4359 

4,9790 

13933.3 

28n0. 

^5.4629 

5.1540 

50.5169 

4,9782 

14431. 1 

?9no. 

45.6437 

5.1479 

50.7916 

4,9775 

14928,9 

3000. 

45.8181 

5.1422 

50.9603 

4,9769 

15426.7 

31o0. 

45.9866 

5.1369 

51.1235 

4,9763 

15924.3 

32oO. 

46.1497 

5.1319 

51.2815 

4,9758 

16421.9 

33no. 

46.3075 

5.1271 

5 1.4346 

4,9754 

16919.5 

3400. 

46. 46o5 

5.1226 

51.5831 

4,9750 

17417.0 

3500. 

46.6089 

5.1184 

51.7273 

4,9746 

17914.5 

3600. 

46.7531 

5.1144 

51.8675 

4,9742 

18411.9 

3700. 

46.8931 

5.1106 

52.0038 

4,9739 

18909.3 

3800. 

47.0294 

5.1070 

52.1364 

4,9737 

19406.7 

3900. 

47.1620 

5.1036 

52.2656 

4,9734 

19904. 1 

4000. 

47.2912 

5. 1003 

52.3915 

4,9732 

20401.4 

4100. 

47.4171 

5.0972 

52.5143 

4,9731 

20898.7 

4200. 

47.5309 

5.0943 

52.6341 

4,9729 

21396.0 

4300. 

47.6597 

5.0915 

52.7512 

4,9729 

21893.3 

4400. 

47.7767 

5.0888 

52.8655 

4,9728 

22390.6 

4500. 

47.8910 

5.0862 

52.9772 

4,9729 

22887,9 

4600. 

48.0028 

5.0837 

53.0865 

4.9729 

23385.1 

4700. 

48.1121 

5.0814 

53.1935 

4,9731 

23882.4 

4800. 

48.2101 

5.0791 

53.2982 

4,9733 

24379.8 

4900. 

48.3238 

5.0770 

53.4007 

4,9736 

24877.1 

5000. 

48.4263 

5.0749 

53.5012 

4,9741 

25374.5 

5100. 

48.5268 

5,0729 

53.5997 

4,9746 

25871.9 

5200. 

48.6253 

5.0719 

53.6963 

4.9752 

26369.4 

5300. 

48.7219 

5.06°2 

53.7911 

4,9760 

26867.0 

5400. 

48.8166 

5.0675 

53.8841 

4,9769 

27364.6 

5500. 

48.9096 

5.0659 

53.9755 

4,9779 

27862,4 

5600. 

49.0008 

5.0643 

54.0652 

4,9791 

28360.2 

5700. 

49.0905 

5,0628 

54.1533 

4,9805 

28858.2 

5800. 

49.1785 

5.0614 

54.2399 

4.9821 

29356.3 

5900. 

49.2650 

5.0601 

54.3251 

4,9839 

29854.6 

6000. 

49.3500 

5,0589 

54.4089 

4.9860 

30353. 1 

6100. 

49.4337 

5.0577 

54,4913 

4,9882 

30851.8 

6200. 

49.5159 

5.0566 

54.5725 

4,9907 

31350.8 

6300. 

49.5968 

5.0556 

54.6523 

4,9935 

31 850.0 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories 

units. 

, moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
28.09 

for 

223 


Table  A-I4-I  Thermodynamic  Functions  for  Si"*"  - continued 


T 

°K 

T 

H°  - H° 
T 

S° 

C° 

P 

H°  - H° 

64n0a 

49,6764 

5.0546 

54.7310 

4,9966 

32349, 

65no. 

49,7548 

5.0537 

54.8085 

4,9999 

32849, 

66  O0« 

49,3319 

5.0529 

54,8849 

5.0036 

33349, 

67  no* 

49,9079 

5.0522 

54.9601 

5,0076 

33850. 

68  no. 

49.9827 

5,0516 

55.0343 

5,0119 

34351 , 

69no. 

50,0565 

5.0511 

55.1075 

5,0165 

34852, 

7000. 

50.1291 

5.0506 

55.1708 

5,0215 

35354, 

7100. 

50.2008 

5.0502 

55.2510 

5,0269 

35856. 

7200. 

50.2714 

5. 0500 

55.3214 

5,0327 

36359, 

7300. 

50.3411 

5.0498 

55,3908 

5,0388 

36863. 

7400. 

50,4O°8 

5.0497 

55,4594 

5,0454 

37367. 

75no. 

50,4776 

5 . 03-96 

55.5272 

5,0524 

37872. 

7600, 

50,5444 

5.0497 

55.5942 

5,0597 

38378. 

7700, 

50,6105 

5.0409 

55.6604 

5,0676 

38884. 

7800. 

50.67‘^6 

5.0502 

55.7258 

5,0758 

39391. 

7900. 

50,7400 

5.0506 

55.7905 

5,0845 

39899. 

8000. 

50,8035 

5^0511 

55,8545 

5,0936 

40408. 

8100. 

50,8662 

5.0516 

55.9179 

5,1032 

40918. 

8200. 

50,9282 

5.0523 

55.9806 

5.1133 

41429. 

8300. 

50.9895 

5,0531. 

56.0426 

5.1238 

41940. 

8400. 

51.0500 

5.0540 

56.1040 

5.1348 

42453. 

8500. 

51 . 1098 

5.0550 

56.1649 

5,1462 

42967. 

8600. 

51.1689 

5. 0562 

56.2251 

5.1581 

43483, 

8700. 

51.2274 

5.0574 

56.2848 

5,1705 

43999, 

8800. 

51.2852 

5.0588 

56,3440 

5.1834 

44517. 

8900, 

51.3424 

5.0603 

56,4026 

5.1968 

45036. 

9000. 

51.3989 

5.0618 

56.4608 

5,2106 

45556. 

9100. 

51.4549 

5.0636 

56,5184 

5,2249 

46078. 

92oO. 

51.5102 

5, 0654 

56.5756 

5,2397 

46601. 

9300. 

51.5650 

5.0673 

56.6323 

5,2550 

47126. 

9400. 

51.6102 

5.0604 

56,6886 

5,2707 

47652. 

95n0. 

51.6729 

5,0716 

56.7445 

5,2869 

48 180. 

9600. 

51.7260 

5,0740 

56.7999 

5,3036 

48710. 

9700. 

51.7786 

5.0764 

56,8550 

5,3208 

49241. 

98  00, 

51,8306 

5.07°0 

56.9096 

5,3384 

49774, 

9900. 

51.8822 

5.0817 

56.9639 

5,3565 

50308. 

loooo. 

51.9333 

5 . o845 

57.0179 

5,3750 

50845. 

loioo. 

51.9839 

5.0875 

57.0714 

5,3940 

51383. 

CONVERSION  FACTORS 

To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  °K'l  (or  °C'^  f 

0.035600 

joules  g ^ °K  ^ (or  °C  ^ ) 

0.14895 

Btu  Ib'^  “R’^  (or  °F'^) 

0.035577 

5 

3 

5 

0 

0 

4 

3 

7 

7 

3 

5 

4 

0 

3 

3 

5 

4 

2 

1 

9 

8 

9 

1 

5 

2 

2 

6 

4 

6 

3 

6 

5 

0 

2 

2 

9 

5 

9 
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Table  A-15— 1 Thermodynamic  Functions  for 


T 

OK 

T 

H°  - H° 
T 

S° 

C° 

P 

H°  - H° 

273.15 

298.15 

32.7714 

33,3447 

6.5587 

6.5335 

39,3301 

39,8782 

6,3306 

6.1883 

1791.5 
1 948.0 

1000. 

40.7971 

5.7378 

46.5349 

5 .1084 

5737.8 

1100. 

41.34  1.2 

5.6794 

47,0206 

5.0851 

6247.4 

1200. 

41.8332 

5.6292 

47,4624 

5.0687 

6755.0 

1 300. 

42.2820 

5.5856 

47.8676 

5.0577 

7261.3 

14n0. 

42.6945 

5.5477 

48.2422 

5,0515 

7766,7 

1500. 

43.0761 

5.5145 

48.5906 

5.0895 

8271.8 

16no. 

43.4310 

5.4855 

48.9165 

5 .0514 

8776.8 

1700. 

43.7628 

5.4601 

49.2229 

5,0567 

9282.1 

18no. 

44 . p743 

5,4379 

49,5122 

5.0652 

9788,2 

19oo. 

44.3678 

5.4186 

49.7863 

5.0765 

10295.3 

2000. 

44.6452 

5 , 40 1 8 

50.0471 

5,0902 

10803.6 

2100. 

44.9084 

5.3873 

50,2958 

5,1060 

11313.4 

2200. 

45.1588 

5.3749 

50.5337 

5,1234 

11824.9 

2300. 

45.3975 

5.3644 

50.7619 

5.1422 

12338. 1 

2400. 

45.6256 

5.3556 

50,9811 

5.1618 

12853,3 

2500. 

45.8440 

5.3482 

51.1922 

5,1822 

13370.5 

2600. 

46.0537 

5.3422 

51.3959 

5,2029 

13889.8 

2700. 

46.2552 

5.3374 

51.5926 

5,2237 

14411 . 1 

2800, 

46.4402 

5.3337 

51,7830 

5,2444 

14934.5 

29no, 

46.6364 

5.3310 

51.9674 

5,2647 

15460.0 

3000. 

46.8171 

5.3291 

52.1462 

5,2846 

15987.4 

3100, 

46.9918 

5.3280 

52,3198 

5,3040 

16516.9 

3200. 

47.1609 

5.3276 

52,4885 

5,3226 

17048.2 

3300. 

47.3249 

5.3277 

52.6526 

5,3404 

17581.4 

3400, 

47.4839 

5.3283 

52.8122 

5,3574 

18116.2 

3500, 

47,6384 

5.3294 

52.9678 

5,3735 

18652.8 

3600. 

47.7885 

5.3308 

53.1194 

5.3886 

19190.9 

3700, 

47.9346 

5.3326 

53.2672 

5.4029 

19730.5 

38oO. 

48 . 0769 

5.3346 

53.4115 

5,416? 

20271.5 

3900, 

48,2155 

5.3368 

53.5523 

5,4286 

20813.7 

4000, 

48 . 35o6 

5.3393 

53,6899 

5,4401 

21357. ] 

4 1 0 0 . 

48.4825 

5.3419 

53,8244 

5,4507 

21901.7 

42oO, 

48.6112 

5.3446 

53,9558 

5,4604 

22447,2 

4300, 

48.7370 

5.3474 

54.0844 

5.469? 

22993.7 

4400. 

48.8600 

5.3502 

54,2102 

5,4773 

23541.1 

4500. 

48,9803 

5.3531 

54,3334 

5,4846 

24089,2 

4600. 

49.0980 

5,3561 

54.4540 

5,4912 

24638.0 

4700. 

49,2132 

5.3590 

54.5722 

5,4970 

25187.4 

4800. 

4°, 3260 

5,3619 

54,6880 

5,5022 

25737.3 

4900. 

40,4366 

5.3649 

54.8015 

5,5068 

26287.8 

5000. 

49,5450 

5.3677 

54.9128 

5,5108 

26838.7 

5100. 

49.6514 

5.3706 

55.0219 

5.5142 

27389.9 

5200. 

40.7557 

5.3734 

55,1290 

5,5171 

27941.5 

5300. 

4°, 8581 

5.3761 

55.2342 

5,5195 

28493.3 

54oO. 

49,9586 

5.3788 

55.3373 

5,5215 

29045.4 

55oO. 

50.0573 

5.3814 

55.4387 

5,5230 

29597,6 

56  00. 

50.1543 

5.3839 

55,5382 

5,5242 

30150,0 

5700. 

50.2496 

5.3364 

55.6360 

5,5250 

30702.4 

5800. 

50.3433 

5.3388 

55.7321 

5,5255 

31255,0 

5900. 

50.4354 

5,3911 

55,8265 

5,5257 

31807.5 

6000. 

50.5261 

5.3933 

55.9194 

5,5256 

32360, 1 

6100. 

50.6152 

5.^055 

56,0107 

5,5252 

32912.6 

6200. 

50.7030 

5.3076 

56.1006 

5,5246 

33465.1 

6300. 

50,7894 

5,3996 

56,1890 

5,5239 

34017.6 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories , 
units . 

moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 

30.9745 

for 
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Table  A-15-1  Thermodynamic  Functions  for  P'*'  - continued 


T 

°K 

1 

O 

H°  - H° 
T 

S° 

0° 

P 

oo 

1 

0 

ix: 

6^00. 

5 0#  8744 

5.4015 

56.2759 

5.5229 

34569,9 

6500. 

50.9582 

5.4034 

56.3616 

5.5218 

35122,1 

6600. 

51.0407 

5.4052 

56.4459 

5,5205 

35674.2 

6700. 

51.1220 

5.4069 

56.5289 

5.5191 

36226.2 

6800. 

51.2021 

5.4085 

56.6106 

5,5176 

36778.1 

6900.. 

51.2811 

5.4101 

56,6912 

5,5161 

37329.7 

7000. 

51.3589 

5.4116 

56.7705 

5,5144 

37881.3 

7100. 

51.4357 

5.4130 

56,8487 

5.5127 

38432.6 

7?00. 

31.5114 

5 . 4 1 /,  4 

56.9258 

5,5110 

R 

7300. 

51.5861 

5.4157 

57,0018 

5,5092 

39534.8 

74n0. 

51.6598 

5.4170 

57.0768 

5.5074 

40085.7 

75oo. 

51.7323 

5.4182 

57.1507 

5.5056 

40636.3 

76o0. 

51.8043 

5.4193 

57.2236 

5,5039 

41  186.8 

77  00. 

51 .8751 

5.4204 

57,2955 

5,5021 

41737,1 

7800. 

51.9451 

5.4214 

57.3665 

5.5004 

42287.2 

7900. 

52.0141 

5.4224 

57.4366 

5,4987 

42837.2 

8000. 

52.0824 

5.4234 

57.5057 

5.4971 

43386.9 

8100. 

52.1497 

5.4243 

57.5740 

5,4955 

43936.6 

8200. 

52.2163 

5.4251 

57,6414 

5,4940 

44486.0 

8300. 

52.2821 

5.4259 

57,7080 

5,4926 

45035.4 

8A00. 

52.3470 

5.4267 

57,7738 

5.4912 

45584.6 

85oO. 

52.4113 

5.4275 

57,8383 

5.4900 

46133.6 

86oO. 

52.4748 

5.4282 

57,9030 

5,4889 

46682.6 

87  no. 

52.5375 

5.4289 

57,9664 

5,4878 

47231.4 

88o0* 

52.5906 

5.4296 

58.0291 

5,4869 

47780. 1 

89n0. 

32.66o'2 

5.43o2 

58.0911 

5,4861 

48328,8 

9000. 

52.7216 

5.43o8 

58.1524 

5 # 48  5 4 

48877.4 

9l00» 

52.7816 

5.4314 

58.2130 

5,4849 

49425.9 

9200« 

52.8410 

5.4320 

58.2730 

5 • 4845 

49974.3 

9300. 

52.8997 

5.4326 

58.3323 

5,4843 

50522.8 

9^00. 

52.9578 

5.4331 

58,3909 

5,4842 

51071,2 

9500. 

53.0153 

5.4336 

58,4489 

5,4842 

51619.6 

9600. 

33.0722 

5.^342 

58.5064 

5,4844 

52168.0 

9700. 

53.1285 

5.4347 

58.5632 

5,4848 

52716.5 

9800. 

53.1843 

5.4352 

58.6195 

5,4853 

53265.0 

9900. 

53.2394 

5.4357 

58.6752 

5,4861 

53813.6 

1 0000. 

53.2941 

5.4362 

58.7303 

5,4869 

54362.2 

loioo. 

53.3482 

5.4367 

58,7849 

5,4880 

54911,0 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

calg"^  (or  °C"M 

0.032285 

joules  g ^ °K  ^ (or  °C  ^ ) 

0.13508 

Btu  Ib'^  °R‘^  (or  °F'^) 

0.032264 

226 


Table  A-16-1  Thermodynamic  Functions  for 


T 

°K 

T 

H°  - H° 
T 

S° 

0 

o 

OO 

1 

O 

273.15 

33,6799 

4.9681 

38.6481 

4,9681 

1357,1 

2°8.15 

34,1150 

4,9681 

39,0831 

4,9681 

1481,3 

lOO0» 

40.1272 

4.9681 

45 ,0954 

4,9682 

4968.1 

iloo* 

40. 6008 

4,9682 

45,5689 

4,9682 

5465.0 

1200« 

41.0330 

4,9682 

46,0012 

4,9682 

5961.8 

13oO» 

41  .43o7 

4.9682 

46.3989 

4,9682 

6458.6 

1400» 

41.7989 

4.9682 

46.7671 

4,9684 

6955.4 

15  00* 

42.1417 

4.9682 

47.1099 

4,9688 

7452.3 

1600» 

42.4623 

4,9683 

47.4306 

4,9695 

7949.2 

1700. 

42.7635 

4,9684 

47,7319 

4,9708 

8446.2 

1800. 

43.0475 

4.9686 

48,0160 

4,9730 

8943.4 

1900. 

43,3161 

4,9689 

48.2850 

4,9763 

9440.9 

2000, 

43.5710 

4,9694 

48.5404 

4,9810 

9938.7 

2100. 

43,8135 

4.9701 

48,7835 

4,9876 

10437. 1 

2200. 

/*4, 0447 

4.9710 

49,0158 

4,9963 

10936.3 

2300. 

44,2657 

4.9724 

49.2381 

5,0075 

11436.5 

2400. 

44,4774 

4.9741 

49,4515 

5,0214 

11937.9 

2500. 

44,6805 

4.9763 

49,6568 

5,0384 

12440.8 

2600. 

44.8757 

4,9791 

49,8548 

5,0585 

12945.7 

2700. 

45,0637 

4,9825 

50,0461 

5,0819 

13452.7 

2800. 

45.2449 

4.9865 

50,2314 

5,1087 

13962.2 

2900. 

45.4200 

4.9912 

50.4112 

5,1389 

14474.5 

3000. 

45,5893 

4.9967 

50,5860 

5,1725 

1 4990. 1 

3100. 

45,7532 

5.0029 

50,7562 

5,2094 

15509.1 

3200. 

45,9122 

5,0100 

50,9222 

5,2494 

16032.0 

3300. 

46 , 0665 

5.0179 

5 1,0844 

5,2925 

16559. 1 

3400, 

46,2164 

5,0267 

51.2431 

5, 3385 

17090.6 

3500. 

46,3622 

5,0363 

51.3985 

5,3870 

17626.9 

?6o0. 

46 , 5043 

5 . 0467 

51.5510 

5,4380 

18168.1 

3700. 

46,6427 

5,0580 

51,7007 

5,4912 

18714.6 

3800. 

46,7777 

5.0701 

51,8478 

5,5462 

19266.4 

39no. 

46,9096 

5.O830 

5 1,9926 

5,6029 

19823.9 

4000. 

47,0385 

5,0968 

52.1352 

5,6610 

20387.0 

4100. 

47,1645 

5.1112 

52.2757 

5,7201 

20956.1 

4200. 

47,2878 

5.1265 

52.4143 

5,7801 

21531.1 

4300. 

47,4087 

5.1424 

52,5510 

5,8407 

22112.1 

4400, 

47,5271 

5.1589 

52,6860 

5,9017 

22699.3 

4500. 

47,6432 

5.1761 

52.8193 

5,9627 

23292.5 

4600. 

47,7572 

5.1939 

52.9510 

6.0236 

23891.8 

47n0. 

47,8690 

5.2122 

53,0812 

6,0842 

24497.2 

48n0. 

47,9790 

5.2310 

53,2099 

6,1442 

25108.6 

49oO. 

48,o87o 

5.25o2 

53.3372 

6,2034 

25726.0 

5000. 

48,1933 

5.2699 

53.4632 

6,2617 

26349.3 

5l00. 

48,2979 

5.2899 

53.5877 

6,3189 

26978.3 

52o0. 

48 , 4oo8 

5.3102 

53.71 10 

6,3749 

27613.0 

5300. 

48,5021 

5.3308 

53,8329 

6,4295 

28253.2 

54o0. 

48 , 6n  2 0 

5.3516 

53,9536 

6,4826 

28898.9 

55oo. 

48 , 7oo3 

5.3727 

54,0730 

6,5341 

29549.7 

5600. 

48,7973 

5.3939 

54,1912 

6,5839 

30205.6 

57oO. 

48,8930 

5.4152 

54.3082 

6,6320 

30866.4 

5800. 

48,9874 

5.4365 

54,4239 

6,6782 

31532.0 

5900, 

49,0805 

5.4580 

54,5384 

6,7224 

32202.0 

6000. 

49,1724 

5.4794 

54.6518 

6,7648 

32876.4 

6100. 

49,2631 

5.5008 

54.7639 

6,8051 

33554.9 

6200, 

49,35  28 

5.5222 

54,8749 

6,8435 

34237.3 

6300. 

49,4413 

5.5434 

54,9847 

6,8798 

34923.5 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories 

units. 

moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
32.0655 

for 
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Table 

A-16-1  Thermodynamic  Functions 

for  - continued 

T 

°K 

-(F°-H°) 

H°  - H° 

S° 

C° 

H°  - H° 

T 

T 

P 

0 

6400. 

49,5287 

5.5646 

55.0933 

6.9141 

35613. 

6600, 

49.6152 

5.5856 

55,2008 

6,9464 

36306. 

6600. 

49,7006 

5.6064 

55.3071 

6.9766 

37002. 

6700, 

49.7«51 

5.6271 

55,4122 

7 , 0049 

37701. 

6800, 

49.8686 

5.6476 

55.5162 

7,0312 

38403. 

6900. 

49.9512 

5.6678 

55.6190 

7.0555 

■ 39107. 

7000. 

50.0329 

5.6878 

55.7207 

7,0779 

39814, 

7100. 

50,1 137 

5.7075 

55,8212 

7,0984 

40523. 

7200. 

50,1937 

5.7269 

55.9206 

7.1171 

41234. 

7300, 

50,2728 

5.7461 

56.01 89 

7,1340 

41946. 

7400, 

50.3511 

5.7650 

56.1161 

7.1492 

42660. 

75  00. 

80.4286 

5.7835 

56,2121 

7.1626 

43376. 

7600, 

50. 5083 

5.8017 

56.3071 

7,1744 

44093. 

7700. 

50.5813 

5.8196 

56,4009 

7,1846 

44811. 

78  oo. 

5 n * 6?  63 

5.8372 

56.4937 

7,1933 

45530. 

7900, 

50,7310 

5.8544 

56.5854 

7,2005 

46249. 

8000. 

50.8047 

5.8713 

56.6760 

7.2062 

46970. 

RlOO. 

50,8778 

5.8878 

56.7655 

7,2106 

47691-. 

8200. 

50.9501 

5.9039 

56.8540 

7,2137 

48412. 

83oO* 

51.0218 

5.9197 

56,9415 

7.2155 

49133. 

84oo. 

51 .0'^28 

5.9352 

57.0279 

7.2161 

49855. 

8500. 

51 , 1631 

5.9502 

57.1133 

7,2155 

50576. 

86n0« 

51,2328 

5.9649 

57.1977 

7,2139 

51298. 

87o0» 

51.3018 

5.9793 

57,2811 

7.2112 

52019* 

88o0. 

51 .37o2 

5.9932 

57.3635 

7.2076 

52740. 

8900. 

5 1,4880 

6. 0069 

87.4449 

7,2030 

53461, 

9000. 

51.5052 

6.020I 

57.5253 

7.1975 

54181 . 

9100, 

51.5718 

6.0330 

57,6048 

7.1912 

54900. 

9200. 

51,6378 

6.0456 

57,6834 

7.1841 

55619. 

9300. 

51.7032 

6. 0578 

57.7610 

7.1763 

56337. 

9400. 

51.7681 

6. 0696 

57,8377 

7,1678 

57054. 

95o0. 

51,8324 

6.0311 

57.9135 

7,1586 

57770, 

96o0. 

51.8961 

6.0923 

57.9884 

7,1489 

58486. 

9700. 

51,9593 

6.1032 

58.0625 

7,1386 

59200. 

9800, 

52.0220 

6.1137 

58.1356 

7.1278 

59914. 

9900. 

52.0841 

6.1239 

58.2079 

7.1165 

60626. 

1 0000. 

52,1457 

6.1337 

58.2794 

7.1047 

61337. 

10100. 

52.2067 

6.1433 

58.3500 

7.0926 

62047. 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g'l  (or  °C'^  ) 

0.031186 

joules  g ^ °K  ^ (or  °C  ^ ) 

0.13048 

Btu  lb‘^  °R'^  (or  °F'S 

0.031166 

2 

? 

5 

5 

h 

7 

4 

2 

0 

6 

8 

4 

2 

2 

1 

8 

2 

0 

2 

7 

3 

9 

4 

6 

6 

1 

1 

6 

3 

4 

6 

9 

3 

7 

0 

2 

3 

1 
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Table  A- 17-1 


Thermodynamic  Functions  for  Cl 


T 

°K 

1 

0 

1 

00 

OO 

1 

0 

S° 

0 

0 

H°'  - H° 

273.15 

34,4552 

5. n885 

39.5437 

5,4199 

1389.9 

298.15 

c 

O' 

• 

0^ 

5.  1192 

40.0213 

5.4868 

1526.3 

1 000. 

41,3419 

5.4213 

46.7632 

5.3654 

5421.3 

1 1 00. 

41.8583 

5.4140 

47.2723 

5.3171 

5955.4 

1200. 

42 , 329n 

5.4042 

47.7331 

5.2761 

6485.0 

1300. 

42,761 1 

5.3929 

48.1540 

5.2414 

7010.8 

1400. 

43.1603 

5.3810 

48 .5414 

5.2123 

7533.5 

1500. 

43,5312 

5.3690 

48 .9001 

5.1879 

8053.4 

1 6 oO  , 

43,8773 

5.3570 

49,2343 

5 ,1678 

8571,2 

1700. 

44,2017 

5.3454 

49.5471 

5,1515 

9087. 1 

1800. 

44,5069 

5.3342 

49.8411 

5.1386 

9601.6 

1900. 

44.7950 

5.3237 

50.1187 

5,1290 

10114,9 

2000. 

45.0678 

5.5137 

50.3816 

5.1224 

10627,5 

2100. 

45.3269 

5.3045 

50.6314 

5.1185 

11139.5 

2200. 

45.5734 

5.2960 

50.8695 

5.1171 

11651.3 

2300. 

45.8087 

5.2883 

51.0970 

5.1181 

12163.0 

2400. 

46.0336 

5.2812 

51.3148 

5.1212 

12675.0 

?500. 

46.2491 

5,2749 

51.5240 

5.1263 

13187.3 

2600. 

46.4558 

5.2693 

51.7252 

5.1331 

13700. 3 

2700. 

46.6546 

5.2644 

51 .9191 

5. 141A 

14214.0 

2800. 

46,8460 

5.2602 

52.1062 

5.1511 

14728.6 

2900. 

47.0305 

5.2566 

52.2871 

5,1619 

15244.2 

3000. 

47,2037 

5.2537 

52.4623 

5,1737 

15761.0 

3100. 

47.3809 

5.2513 

52.6322 

5,1862 

16279.0 

3200, 

47.5476 

5.2495 

52.7970 

5,1995 

16798,3 

3300. 

47.7091 

5.2482 

52.9573 

5.2132 

17318.9 

3400. 

47.8658 

5.2473 

53.1131 

5,2272 

17840.9 

3500. 

48.0179 

5.2470 

53,2648 

5,2415 

18364.4 

3600. 

48,1657 

5.2470 

53.4127 

5,2559 

18889.2 

3700. 

48 . 30°4 

5.2474 

58.5569 

5,2703 

1 9415.5 

3800, 

48,4494 

5.2482 

53.6976 

5,2846 

1 0943,3 

39no. 

48,5857 

5.2493 

53.8351 

5,2987 

20472.4 

4000. 

48,7186 

5.2507 

53,9694 

5.3126 

21003.0 

4100, 

48.8483 

5.2524 

54,1007 

5,3262 

21 534.9 

4200. 

48,9749 

5.2543 

54,2293 

5,3395 

22068.2 

4300. 

49,0986 

5.2565 

54.3551 

5,3524 

22602. 8 

44n0. 

49.2194 

5.2588 

54,4782 

5,3649 

23138.7 

45oO. 

49.3377 

5,2613 

54.5989 

5,3769 

23675.8 

4600. 

49.4533 

5,2639 

54.7172 

5,3885 

24214. 1 

47  no. 

40,5666 

5.2667 

54.8333 

5.3996 

24753.5 

4800. 

49,6775 

5.2696 

54.9470 

5.4102 

25294.0 

49  no. 

49.7862 

5.2725 

55.0587 

5.4203 

25835.5 

5nnn. 

49,8927 

5.2756 

55.1683 

5.4299 

26378.0 

5 1 no. 

49,9972 

5.2787 

55,2759 

5.4390 

26921.4 

5200. 

50.0997 

5.2819 

55,3816 

5,4475 

27465.8 

5300. 

50.2004 

5.2851 

55,4855 

5,4556 

28010.9 

5400. 

50.2992 

5.2883 

55.5875 

5,4632 

28556.9 

55  no. 

50.3963 

5.2916 

55.6878 

5, 4704 

29103.6 

5600. 

50.4916 

5.2948 

55.7865 

5,4770 

29650.9 

5700. 

50.5854 

5.2981 

55.8834 

5.4832 

30199.0 

5800. 

50.6776 

5. 3013 

55.9789 

5,4890 

30747.6 

5900, 

50.7682 

5 . 3045 

56,0727 

5,4943 

31296.7 

6000. 

50.8574 

5.3077 

56.1651 

5,4992 

31846.4 

61n0. 

50.9481 

5.3109 

56.2561 

5,5037 

32396.6 

6200. 

51.0315 

5.3141 

56,3456 

5,5079 

32947 . 2 

6300. 

51.1166 

5.3172 

56.4337 

5.5116 

33498.1 

The  tables  are  in  units  or  calories,  moles  and  °K.  See  reverse  side  for 
conversion  factors  to  other  units.  The  atomic  weight  = 35.4565 
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Table  A-17-1 


Thermodynamic  Functions  for  Cl 


- continued 


T 

°K 

-(F°-H°) 

T 

- H° 
T 

S° 

P 

H°  - H° 

6 1 . 2007 

5.3202 

56.5206 

5.5150 

34049.5 

6500. 

51.2829 

5.3232 

56.6061 

5.5180 

34601. 1 

6600. 

51.3641 

5. ’262 

56.6904 

5.5207 

35153. 1 

6700. 

8 1.4443 

5.3291 

56.7734 

5.5231 

35705.3 

6800. 

51.5232 

5.3320 

56.8552 

5.5252 

36257.7 

6900. 

51.6011 

5.3348 

56.9359 

5.52’0 

36810.3 

7 000. 

51.6779 

5.3376 

57.0155 

5.5285 

3’363. 1 

71  00. 

51.7536 

5.3403 

57.0939 

5.5207 

37916.0 

72  00. 

51.8283 

5.3429 

57.1712 

5.5307 

38469.0 

7300. 

51.9020 

5.3455 

57.2475 

5,5315 

30022.1 

7400. 

51.9748 

5.3480 

57.3228 

5,5320 

39575.3 

7500. 

52.0466 

5.3505 

57.3971 

5,5323 

40128.5 

7600. 

52.1175 

5.3529 

57.4703 

5,5324 

40681.7 

7700. 

52.1875 

5.3552 

57.5426 

5.5323 

41235.0 

7800. 

52.2566 

5.3575 

57.6140 

5,5321 

41788.2 

79  00.' 

52.3248 

5.3597 

57.6845 

5,5316 

42341.4 

8000. 

52.3923 

5.3618 

57.7541 

5.5310 

42894.5 

8100. 

52.4589 

5.3639 

57.8228 

5.5303 

43447.6 

8200. 

52.5247 

5.3659 

57.8906 

5.5204 

44000.6 

8300. 

52.5898 

5.3679 

57.0577 

5,5283 

44553.5 

84o0. 

52.6541 

5.3698 

58.0239 

5,5271 

4‘^106.7 

85  O0« 

52.7176 

5.3716 

58.0893 

5,5258 

45658.9 

86oO. 

52.78o5 

5.3734 

58.1539 

5.5244 

46211.4 

87  00* 

52.8426 

5.3751 

58.2177 

5.5229 

46763.8 

8800. 

52.9040 

5.3768 

58.2809 

5.5213 

47316.0 

8900. 

52.9648 

5.3784 

58.3432 

5.5196 

47868.0 

9000. 

53.0249 

5.3800 

58.4049 

5.5178 

48419.9 

9100. 

53.0844 

5.3815 

58.4659 

5,5159 

48971.6 

9200. 

53.1432 

5.3329 

58 .5261 

5,5139 

40523.1 

9300. 

53.2014 

5.3843 

58.5857 

5.5119 

50074.3 

9400. 

53.2590 

5.5857 

58.6447 

5,5003 

50625.4 

9500. 

53.3160 

5.3870 

58.7030 

5,5077 

51  176.3 

9600. 

53.3724 

5.388? 

58.7606 

5,5055 

51727.0 

9700. 

53.4282 

5.3894 

58.8177 

5.5032 

52277.4 

9800. 

53.4835 

5.3906 

58.8741 

5.5009 

52827.6 

9900. 

53.5383 

5.3917 

58.9299 

5.4986 

53377.6 

10000. 

53.5924 

5.3927 

58.9852 

5,4962 

5’927. 3 

10100. 

53.6461 

5.3937 

59.0399 

5,4938 

54476.8 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g‘l  °K'l  (or  °C'^  ) 

0.028204 

joules  g ^ °K  ^ (or  °C  ^ ) 

0.11800 

Btu  Ib"^  -R'^  (or  ’F"^) 

0.028186 
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Table  A-18-1 


Thermodynamic  Functions  for  Ar 


T 

-(F°-H°) 

oc 

o 

°K 

0 

u 

s° 

c° 

p 

H°  - H° 

T 

T 

273,15 

34,3353 

4.9721 

39.3074 

4,9981 

1358.1 

298.15 

34,77n8 

4.9750 

39.7458 

5,0154 

1483,3 

1000. 

40.9048 

5.2134 

46.1182 

5,4431 

5213,4 

1 1 OO. 

41.4027 

5.2337 

46.6364 

5,4301 

5757. 1 

1 2 00, 

41.8588 

5. 2493 

47.1081 

5,4111 

6299.2 

1300. 

42.2795 

5.2609 

47.5404 

5,3890 

6839.2 

14n0. 

42.6697 

5.2692 

47,9389 

5,3657 

7376.9 

1500. 

43 . 0334 

5.2749 

48,3083 

5,3421 

7912. ? 

16no. 

43.3740 

5.2784 

48.6523 

5,3192 

8445.4 

1700. 

43,6940 

5.280] 

48.9741 

5,2973 

8976.2 

18o0. 

43.9958 

5.2805 

49,276? 

5.2766 

9504, ° 

1900. 

44,2813 

5.2798 

49.5611 

5.2572 

10031.6 

2000. 

44,5521 

5.2782 

49,8303 

5.2392 

10556.4 

2100. 

44.8096 

5.2759 

50.0855 

5,2225 

11079.8 

2200. 

45.0549 

5.2731 

50.328] 

5.2070 

11600.9 

2300. 

45.2893 

5.2699 

50.5592 

5.1927 

12120.9 

2400. 

45.5135 

5,2665 

50,7799 

5 .1795 

12639.8 

2500. 

45.7284 

5.2627 

50.9911 

5.1673 

13186.8 

2600. 

45,9347 

5.2588 

51 .1936 

5,1560 

13673.0 

2700. 

46,1331 

5.2548 

5 1.3880 

5,  1456 

14188.0 

2800. 

46.3242 

5.2508 

51.5749 

5,1359 

14702,1 

2900. 

46. 5083 

5.2466 

51.7550 

5,1270 

15215.2 

3000. 

46,6861 

5.2425 

51.9287 

5,1187 

15727.5 

3100. 

46.8580 

5.2384 

52.0964 

5.1110 

16239.0 

3200. 

47,0242 

5.2343 

52.2585 

5,1039 

16749.7 

33o0* 

47,1852 

5.2302 

52.4155 

5,0972 

17259.8 

3400. 

47.3413 

5.2262 

52.5675 

5.0910 

17769.2 

3500. 

47,4928 

5.2223 

52.7150 

5,0853 

18278.0 

3600. 

47,6398 

5.2184 

52.8582 

5,0799 

18786.3 

37nO. 

47,7827 

5.2146 

52.0973 

5.0748 

192°4,0 

3800. 

47,9218 

5.2109 

53.1326 

5.0701 

19801.2 

39oO, 

48.0571 

5.2072 

53.2642 

5.0657 

20308.0 

4000. 

48.1888 

5.2036 

53.3924 

5.0615 

20814.4 

41  00. 

48.3173 

5.2001 

53.5174 

5.0576 

21320.3 

4200. 

48.4426 

5,1966 

53.6392 

5 .0540 

21825.9 

43o0. 

48.5648 

5.1933 

53.7581 

5 ,0505 

22331.1 

44n0. 

48.6842 

5.1900 

53.8742 

5.0473 

22836.0 

45oO. 

48 . 8oo8 

5.1868 

53.0876 

5 ,0A42 

23340.6 

46oO. 

48.9147 

5.1837 

54,0984 

5.0413 

23844,9 

^7  no. 

49,0262 

5.1806 

54,2068 

5.0386 

24348.9 

4800. 

49.1352 

5.1776 

54.3128 

5.0360 

24852.6 

49oO. 

49.2419 

5.1747 

54,4166 

5.0335 

25356. 1 

5000. 

49.3465 

5.1719 

54.5183 

5.0312 

25859.3 

5100. 

49,4488 

5.1691 

54.6179 

5,0290 

26362.8 

5200. 

49,5402 

5.1664 

54,7156 

5.0269 

26865.1 

5 3 00, 

49.6476 

5.1637 

54.8113 

5.0249 

27367.7 

5400. 

^9,7441 

5.1611 

54.9052 

5,0230 

27870. 1 

5500, 

49,8387 

5.1586 

54.9974 

5.0212 

28372.3 

5600. 

49,9317 

5.1561 

55.0878 

5.0195 

28874.4 

5700. 

50,0229 

5.1537 

55.1766 

5,0179 

29376.2 

5800. 

50.1125 

5.1514 

55.2639 

5.0163 

29877.9 

5900. 

50.2006 

5.1491 

55.3496 

5,0149 

30379,5 

6000. 

50.2871 

5. 1468 

55.4339 

5.0134 

30880.9 

6100. 

50.3721 

5.1446 

55,8168 

■5,0121 

31382.2 

6200. 

50.4558 

5.1425 

55.8983 

5.0108 

31 883.3 

6300, 

50.5380 

5.1404 

55.6784 

5,0095 

32  384.3 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories , 
units . 

moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
39.9435 

for 
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Table 


T 

°K 


64nn. 
65  no, 
6600. 
67nn» 
68  on. 
69nn. 
7000. 
7100. 
7200. 
7300, 
7400, 
75o0. 
76oO. 
77o0. 
78o0* 
79  00* 
8000* 
81  00* 
82oO« 
83  00» 
84n0. 
85  00. 
8600, 
8700. 
88  00. 
8900. 
9noO, 
9100. 
9200. 
9300. 
9400. 
9500. 
9600. 
9700. 
9800. 
9900, 
1 0000 , 
1 01 00. 


l-18-1 


Thennodynamic  Functions  for  Ar 


+ 


- continued 


H°  - Hg 

S° 

C° 

P 

H°  - Hg 

T 

T 

60.6100 

5.1383 

55.7573 

5.0084 

32885, 

50.6986 

5.1363 

55.8349 

5.0072 

33386. 

50.7770 

5.1348 

55.9114 

5,0061 

33886. 

50.8542 

5.1324 

55.0867 

5.0051 

34387. 

50.9303 

5.1305 

56,0608 

5,0041 

34887. 

51.0051 

5.1287 

56, 1 338 

5,0031 

35388. 

8 1 . 0789 

5. 1269 

56.2058 

5.0022 

35888. 

51.1516 

5.1251 

66.2768 

5.0013 

36388. 

51 ,2238 

5.1234 

56.8467 

5 • 0005 

36888 . 

5 1 , 2940 

5.1217 

56.4157 

4,9996 

37388 . 

51 .3636 

5.1201 

56.4837 

4.9988 

37888, 

51.4323 

5.1184 

56,6508 

4,0981 

38388. 

51, 5oo 1 

5.1169 

5 6 • (S  1 7o 

4,9973 

38888 . 

51.5670 

5.1153 

56.6823 

4,9966 

39387, 

51.6330 

5.1138 

56.7468 

4,9959 

39887. 

51.6981 

5.1123 

56.8104 

4.0953 

40387. 

51.7624 

5.II08 

56.8733 

4,9947 

40886. 

51.8250 

5. lo94 

56.935? 

4,9940 

41386. 

51,8886 

5.I080 

56.9966 

4,9934 

41885. 

51 .95o5 

5 . 1 066 

57.0571 

4,0929 

42384. 

52,0117 

5.1052 

57.1169 

4,9923 

4288’. 

52.0721 

5.1039 

57.1760 

4,9918 

43383. 

52.1318 

5.1026 

57,2343 

4,9913 

43882. 

52.1907 

5.1013 

57.2920 

4,9908 

44381. 

5,2 ,2490 

5. 1000 

57,3491 

4,9903 

44880. 

52.3067 

5.0988 

57./1055 

4,0898 

45379. 

52.3636 

5.0976 

57.4612 

4,0894 

45878. 

52,4199 

5.0964 

57.5163 

4,9889 

46377. 

52.4756 

5.0952 

57.5709 

4,9885 

46876. 

52.5307 

5.0941 

57.6248 

4,9881 

47375. 

52.5852 

5. 0930 

57,6781 

4,0877 

47873. 

52.6391 

5.0918 

S7.7'^0P 

4,0873 

48372. 

52,6924 

5.0908 

57.7831 

4,9869 

48871. 

52.7451 

5.0897 

57.8348 

4,9866 

49369. 

52.7978 

5.0886 

57,8860 

4.9862 

49868. 

52,8490 

5.0876 

57.9366 

4,9859 

50367. 

52,9001 

5.0866 

57,9867 

4.9856 

50865. 

52,9507 

5. 0856 

58.0363 

4.9852 

51364. 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

calg"^  (or  “C'M 

0.025035 

joules  g ^ “K  ^ (or  °C  ) 

0.10475 

Btu  Ib*^  "R*^  (or 

0.025019 
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Table  A-70  Thermodynamic  Functions  for  N?2 


T 

H°-H° 

S° 

H°- 

”K 

T 

T 

50. 

36.887 

7.943 

44.830 

397.1 

7.949 

75. 

40.108 

7.946 

48.054 

595,9 

7,960 

loo. 

42.395 

7.955 

50.350 

795.5 

8.019 

125, 

4A.172 

7.980 

52.153 

997,5 

8.149 

15o. 

45,631 

8.023 

53.654 

1203.5 

8.338 

175. 

46.872 

8.084 

54.956 

1414.8 

8.568 

200. 

47 .956 

8.161 

56.117 

1632.1 

8.825 

225. 

48,923 

8.250 

57.172 

1856.1 

9.100 

25o* 

49.797 

8.349 

58.146 

2087.2 

9.383 

275. 

50.598 

8,456 

59.053 

2325.3 

9.668 

300. 

51.338 

8.568 

59.906 

2570.5 

9.947 

325. 

52.028 

8.685 

60.713 

2822.6 

10«216 

350. 

52.676 

8.803 

61.480 

3081.2 

10.473 

375. 

53.288 

8.923 

62.211 

3346,1 

10.714 

AOO. 

53.868 

9.042 

62.909 

3616.8 

10.938 

A25. 

54.419 

9.160 

63.579 

3892.8 

11.146 

45q. 

54.946 

9,275 

64,222 

4173.9 

11.339 

475. 

55.451 

9.389 

64.839 

4A59, 6 

11.516 

500. 

55.935 

9.499 

65.434 

4749.6 

11.678 

550. 

56.850 

9.711 

66 •361 

5340.8 

11.963 

600. 

57.704 

9.909 

67,613 

5945.2 

12.204 

650. 

58.504 

10.093 

68.598 

6560.6 

12,406 

700. 

59.259 

10.265 

69.523 

7185.2 

12.577 

750. 

59.972 

10.424 

70.396 

7817,8 

12.722 

800. 

60.650 

10.571 

71.221 

8457.1 

12.846 

850. 

61.295 

10.708 

72.003 

9102,1 

12.953 

900. 

61 .911 

10.836 

72.746 

9752.1 

13,044 

950. 

62.500 

10.954 

73.454 

10406.4 

13.124 

1000. 

63,065 

11.064 

74,129 

11064,4 

13.194 

1050. 

63.607 

11.167 

74.774 

11725.6 

13.255 

1100. 

64.129 

11.263 

75.392 

12389.7 

13.309 

1150. 

64,631 

11.353 

75.985 

13056,4 

13,356 

1200. 

65.116 

11.438 

76.554 

13725.3 

13.399 

1250. 

65.585 

11.517 

77.102 

14396.2 

13.436 

1300* 

66  *038 

11.591 

77.629 

15068.9 

13,470 

1350. 

66.477 

11.662 

78, 138 

15743,2 

13,501 

1400. 

66.902 

11.728 

78,630 

16418,9 

13.528 

1450. 

67,315 

11.790 

79.105 

17095.9 

13.553 

1500. 

67.715 

11,849 

79.565 

17774.1 

13.575 

1550. 

68.105 

11.905 

80.010 

18453.4 

13.596 

16oO» 

68.484 

11,959 

80.442 

19133.7 

13.614 

1650. 

68.852 

12.009 

80.861 

19814,8 

13.631 

1700* 

69.212 

12.057 

81,269 

20496.8 

13.647 

175o. 

69.562 

12. lo3 

81.664 

21179.5 

13.661 

1800* 

69.9o3 

12.146 

82.049 

21862.9 

13.675 

1850. 

70.237 

12.188 

82.424 

22546,9 

13.687 

1900. 

70.562 

12.227 

82.789 

23231.6 

13.698 

1950. 

7o . 880 

12.2{>5 

83.145 

23916.8 

13.709 

2000. 

71,191 

12.3ol 

83.493 

24602.4 

13,718 

2050» 

71.496 

12.336 

83.832 

25288.6 

13.728 

MW 52.0 electronic  MULTIPLICITY  2.  ROTATIONAL  SYMMETRY  2. 

MOMENTS  OF  INERTIA  (GM  CM**2*EXP-39 ) 

lA  1.203700  IB  7.37A800  IC  8.570200 

CENTRIFUGAL  STRETCHING  CONSTANT  0. 

NO  OF  FREQUENCIES  3 FREQUENCIES  IN  CM-1 
1075.00000  510.00000  9L0. 00000 

DEGENERACIES 

1.0  1.0  1.0 


The  tables  are  in  units  of  calories^  mole^  and  °K.  See 


conversion  factors  to  other  units. 
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Table  A-70 


Thermodynamic  Functions  for  NF2  " continued 


T 

0^ 

1 

0 

1 

ffi 

0 

1 

0 0 

H°-H° 

"K 

T 

T 

2100. 

71.793 

12.369 

84.162 

25975.2 

13.736 

2150. 

72.085 

12.401 

84.486 

26662,2 

13.744 

2200. 

72.370 

12.432 

o4  • ii  0 2 

27349.6 

13.751 

2250. 

72.650 

12.461 

85.111 

28037.3 

13.758 

2300. 

72.924 

12.489 

35.413 

28725.4 

13.765 

2350. 

73 .193 

12.516 

85 .709 

29413.7 

13.771 

2400. 

73.457 

12.543 

85.999 

30102.4 

13.776 

2450. 

73.716 

12.568 

86.284 

30791.4 

13.782 

2500. 

73.970 

12.592 

86.562 

3 1480.6 

13.787 

2600. 

74.465 

12.638 

87.103 

32859.7 

13.796 

2700. 

74.942 

12.681 

87  #62  4 

34239.  i 

13.804 

2800. 

75.404 

12.722 

88.126 

35620.5 

13.812 

2900. 

75.851 

12.759 

88.611 

37002.0 

13.818 

3000. 

76.285 

12.795 

89.079 

38384. 1 

13.824 

3100. 

76.705 

12.828 

89.533 

39766.8 

13.830 

3200. 

77.112 

12.859 

89.972 

41150.0 

13.835 

3300. 

77.509 

12.889 

90.398 

42533.7 

13.839 

3400. 

77.394 

12.917 

90.811 

43917,8 

13.843 

3500* 

78.269 

12.944 

91.212 

45302.3 

13.847 

3600* 

78.634 

12.969 

91.602 

46667.2 

13.850 

37oO« 

78.989 

12.993 

91.982 

48072.-. 

13.354 

38oo» 

79.336 

13.015 

92.351 

49457,9 

13.857 

3900. 

79.674 

13.037 

92.711 

50843,7 

13.359 

4000. 

8o«005 

13.057 

93.062 

52229.8 

13.362 

4100. 

80.327 

13.077 

93 .404 

53616.1 

13.864 

4200. 

80.643 

13.096 

93,739 

55002.6 

1 3 • 666 

4300. 

80.951 

13.114 

94.065 

3 6389  © 4 

13.863 

4400. 

81.253 

13.131 

94.384 

57776.3 

13.870 

4500. 

81.548 

13. 147 

94.695 

59163.4 

13.872 

4600. 

81.837 

13.163 

95.000 

60550.7 

13.874 

4700. 

82.120 

13.178 

95.299 

61938.2 

13.875 

4800. 

82.398 

13.193 

95.591 

63325.8 

13.877 

4900. 

82.670 

13.207 

95.877 

64713.5 

13.878 

5000. 

82.937 

13.220 

96.157 

66101.4 

13.879 

5100. 

83.199 

13.233 

96.432 

67489.4 

13.881 

5200. 

83.456 

13.246 

96.702 

68877.5 

13.882 

5300. 

83.709 

13.258 

96,966 

70265.8 

13.883 

5400. 

83.956 

13.269 

97.226 

71654.1 

13.884 

5500. 

84.200 

13.280 

97.481 

73042.5 

13.885 

5600. 

84.439 

13.291 

97.731 

74431.1 

13.886 

5700. 

84.675 

13.302 

97,976 

75819.7 

13.887 

5800. 

84.906 

13.312 

98.218 

77208.4 

13.887 

5900. 

85.134 

13.322 

98.455 

78597.2 

13.888 

6000. 

85.358 

13.331 

98,689 

79986.0 

13.889 

273.15 

50.540 

8.448 

58,988 

2307.4 

9.647 

298.15 

51.285 

8.560 

59.845 

2552.1 

9.927 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

calg*^  (or  °C"M 

.0192308 

joules  g ^ °K  ^ (or  °C  ^ ) 

.0804617 

Btu  Ib*^  -R'^  (or  °F'h 

.0192182 
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Table 

A-71  Thermodynamic  Functions  for  N^F 

4 

T 

-(F°-H 

0> 

oc 

1 

o 

'K 

T 

T 

50* 

42.698 

8.293 

5o»99l 

414.7 

9 

029 

75. 

46.130 

8.662 

54.792 

649.6 

9 

773 

100. 

48.674 

9.046 

57.720 

904.6 

10 

661 

125. 

50.737 

9.476 

60.214 

1184.5 

11 

767 

15o. 

52.507 

9.961 

62.469 

1494.2 

13 

025 

175. 

54.082 

10.494 

64.576 

1836.4 

14 

354 

200. 

55.520 

11.060 

66.580 

2212.0 

15 

690 

225. 

56.857 

11.647 

68.503 

2620.5 

16 

988 

250. 

38.114 

12.243 

70.358 

3060.8 

18 

220 

275. 

59.309 

12.839 

72.149 

3530.9 

19 

370 

300. 

60.452 

13.428 

73.880 

4028.5 

20 

429 

325-. 

61.550 

14.005 

75.554 

4551.5 

21 

396 

350. 

62.608 

14.564 

77.173 

5097.6 

22 

274 

375. 

63.631 

15.105 

78.737 

5664.5 

23 

067 

AOO. 

64.623 

15.626 

80.249 

6250.3 

23 

782 

425. 

65.585 

16.125 

81.710 

6853.0 

24 

426 

450. 

66.521 

16.602 

83.123 

7471.0 

25 

005 

475. 

67.431 

17.058 

84.489 

8102.8 

25 

526 

500. 

68.317 

17.494 

85.811 

8746.9 

25 

996 

550. 

70.023 

18.305 

88.327 

10067.6 

26 

803 

600. 

71.648 

19.041 

90.689 

11424.8 

27 

464 

650. 

73.199 

19.711 

92.909 

12812.0 

28 

009 

700. 

74.682 

20.320 

95.002 

14224.1 

28 

462 

750. 

76.103 

20.876 

96.979 

15657.0 

28 

842 

800. 

77.467 

21.384 

98.851 

17107.3 

29 

163 

85o. 

78.777 

21.850 

100.627 

18572.5 

29 

435 

900. 

8o.039 

22.278 

102.317 

20050.2 

29 

669 

950. 

81.254 

22.672 

103.926 

21538.8 

29 

871 

1000. 

82.426 

23.037 

105.463 

23036.9 

30 

046 

1050. 

83.558 

23.374 

106.933 

24543.0 

30 

198 

rioo. 

84.653 

23.688 

108.341 

26056.4 

30 

332 

1150. 

85.713 

23.979 

109.692 

27576.0 

30 

450 

1200. 

86.739 

24.251 

110.990 

29101.2 

30 

555 

1250. 

87.734 

24,5o5 

112.239 

30631.3 

30 

648 

1300. 

88.700 

24.743 

113.443 

32165.8 

30 

731 

1350. 

89.638 

24.966 

114.604 

33704.2 

30 

8o5 

1400* 

9 0 . 5 5 0 

25.176 

115.726 

35246.2 

30 

872 

1450. 

91.437 

25.373 

116.810 

36791.3 

30 

933 

1500. 

92.300 

25.560 

117.860 

38339.4 

30 

988 

1550. 

93.141 

25.735 

118.877 

39890. C 

31 

037 

1600. 

93.961 

25.902 

119.863 

41443. 0 

31 

083 

1650. 

94.760 

26.060 

120.820 

42998.2 

31 

124 

17oo. 

95.540 

26.209 

121.750 

44555.4 

31 

162 

1750. 

96.302 

26.351 

122.653 

46114.4 

31 

197 

1800. 

97.047 

26.486 

123.533 

47675.1 

31 

229 

1850. 

97.774 

26.615 

124.389 

49237.3 

31 

259 

1900. 

98.485 

26.737 

125.223 

50800.9 

31 

286 

1950. 

99.181 

26.854 

126.036 

52365.9 

31 

312 

2000. 

99.863 

26.966 

126.829 

53932.0 

31 

335 

2050. 

100»530 

27.073 

127.603 

55499.4 

31 

357 

MM  104.0 

ELECTRONIC  MULTIPLICITY  1. 

ROTATIONAL 

SYMMETRY 

moments 

OF  INERTIA 

(GM  CM**2»ExP-39 ) 

1 A 

15.051700 

16  26. 

248400 

IC  29. 

837800 

centrifugal  stretching  constant 

0. 

NO  OF  FREQUENCIES  12 
1011»00000  962.00000 

537.00000  517.00000 

100.00000 


F-REQUENCIES  IN  CM-1 

933.00000  850.00000 

390.00000  500.00000 


589.00000 

736i00000 


DEGENERACIES 

1.0  1.0 

1.0  1.0 

1.0  1.0 


1.0  1.0  1.0 

1.0  1.0  1.0 


The  tablae  are  in  units  of  calories,  moles  and  °K.  See  reverse  side  for 
conversion  factors  to  other  units. 
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Table  A-71  Thermodynamic  Functions  for  N„F  - continued 


T 

0^ 

o 

1 

0 o 
1 

o 

X 

®K 

T 

T 

2100. 

101.184 

2/. 175 

2150. 

101.824 

27.273 

2200. 

102.452 

27.367 

2250. 

103.068 

27.457 

2300. 

103.673 

27.544 

2350. 

104.266 

27.627 

2400. 

104.848 

27.70? 

245q. 

105  .421 

27. 7b^ 

2500. 

105.983 

27.858 

26oo* 

1q7 .o78 

27.996 

27  00* 

108.137 

28. 129 

2300* 

109.162 

28.252 

29oO* 

1 lO . 1 56 

28.366 

3000* 

111.119 

28.473 

3l00» 

112.054 

28.574 

3200* 

112.963 

28.669 

3300* 

113.847 

28.758 

3400  . 

114.70? 

28.842 

3500* 

115.544 

28.922 

3600* 

116.360 

26.998 

3700* 

117.155 

29.0?0 

38oO* 

117.931 

29.138 

3900* 

118.689 

29.203 

4000« 

119.429 

29.265 

4100. 

120.152 

29.324 

4200* 

120.860 

29.380 

43oO* 

121.552 

29.434 

4400» 

122.229 

29.485 

4500« 

122.892 

29.535 

4600* 

123.542 

29.582 

4700* 

124.179 

29.627 

4800* 

124.803 

29.671 

4900« 

125.415 

29.712 

3000* 

126.016 

29.752 

5100* 

126. 6o5 

29.791 

5200* 

127.184 

29.828 

53oo* 

127.753 

29.864 

54oo» 

128.311 

29.899 

5500. 

128.860 

29.932 

5600. 

129.400 

29.964 

5700. 

129.930 

29.995 

5800. 

130.452 

30.025 

5900. 

130.966 

30.055 

6000. 

131.471 

30.083 

273.15 

59.223 

12.796 

298.15 

60.369 

13.385 

S° 

H°-  Hq 

128.359 

57067.7 

31.377 

129.097 

58637.0 

31.396 

129.819 

60207.3 

31.414 

130.525 

61778.4 

31.430 

131.216 

63350.3 

31.446 

131.893 

64923.0 

31.461 

132.555 

66496.4 

31.474 

133.204 

68070.4 

31.487 

133.841 

69645.1 

31.499 

135 .o76 

72796.1 

31.521 

136 .266 

75949.2 

31.541 

137.414 

79104.2 

31.559 

138.522 

82260.9 

31.575 

139.592- 

85419.1 

31.589 

140.628 

88578.7 

31.6o2 

141.632 

91739.5 

31.614 

142.605 

94901.5 

31.625 

143.549 

98064. 5 

31.635 

144 .466 

101228.4 

31.644 

145.358 

104393.2 

31.652 

146.225 

107558.8 

31.660 

147 .q69 

110725.1 

31. 667 

147.892 

113892.1 

31.673 

148.694 

11/059.8 

31.679 

149.476 

120228.0 

31.685 

150*240 

123396. ? 

31.690 

150.986 

126566.0 

31.695 

151.714 

129735.7 

31,700 

152.427 

132905.9 

31.704 

153.124 

136076.5 

31.708 

153.806 

139247.4 

31.711 

154,473 

142418.7 

31.715 

155.127 

145590.4 

31.718 

155.768 

148762.4 

31.721 

156.396 

151934.6 

31.724 

157.012 

155107.2 

31.727 

157.617 

158280.0 

31.729 

158.210 

161453.1 

31.732 

158.792 

164626.4 

31.734 

159.364 

16  / 799.9 

31.736 

159.926 

170973.7 

31.738 

160.478 

174147.6 

31.740 

161.020 

177321.8 

31.742 

161.554 

180496.1 

31.744 

72.018 

3495.1 

19,287 

73.754 

399  0..  8 

20.353 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

calg'^  (or  °C'M 

.0096154 

joules  g ^ °K  ^ (or  °C  ^ ) 

.0402308 

Btu  Ib"^  °R‘^  (or  °F'^) 

.00960911 
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Table  A-72-1 


Thermodynamic  Functions  for  Ti 


T 

°K 

H°  - H° 

S° 

o 

o 

H°  - H° 

T 

T 

273. 

15 

36.9693 

6.3385 

43.3078 

6.2670 

1731.4 

298. 

15 

37.5241 

6.3321 

43.8562 

6.2577 

1887.9 

1000. 

45.0941 

6.0885 

51.1826 

5.6337 

6088.5 

1100. 

45.6723 

6.0443 

51.7166 

5.5734 

6648.7 

1200. 

46.1964 

6.0031 

52.1996 

5.5296 

7203.8 

1300. 

46 .67 54 

5.9655 

52.6409 

5.4998 

7755. 1 

1400. 

47.1162 

5.9315 

53.0478 

5.4820 

8304. 1 

1500. 

47 . 5244 

5.9012 

53.4257 

5 .4744 

8851.9 

1600. 

47.9044 

5.8746 

53.7790 

5.4756 

9399.3 

1700. 

48.2598 

5.8513 

54.1111 

5.4844 

9947.2 

1800. 

48.5937 

5.8313 

54.4250 

5.5000 

10496.4 

1900. 

48.9085 

5.8144 

54.7230 

5.5214 

11047.4 

2000. 

49.2064 

5.8004 

55.0068 

5.5479 

11600.9 

2100. 

49.4891 

5.7891 

55.2782 

5.5787 

12157.2 

2200. 

49.7582 

5.7803 

55.5385 

5.6132 

12716.7 

2300. 

50.0150 

5.7739 

55.7889 

5.6505 

13279.9 

2400. 

50.2606 

5.7695 

56.0302 

5.6902 

13846.9 

2500. 

50.4961 

5.7672 

56.2633 

5.7317 

14418.0 

2600. 

50.7223 

5.7666 

56.4889 

5.7743 

14993.3 

2700. 

50.9399 

5.7677 

56.7077 

5.8177 

15572.9 

2800. 

51.1497 

5.7703 

56.9200 

5.8612 

16156.8 

2900. 

51.3523 

5.7742 

57.1265 

5.9047 

16745. 1 

3000. 

51.5481 

5.7792 

57.3274 

5.9476 

17337.7 

3100. 

51.7377 

5.7854 

57.5231 

5.9897 

17934.6 

3200. 

51.9215 

5.7924 

57.7139 

6.0308 

18535.7 

3300. 

52.0999 

5.8002 

57.9001 

6.0706 

19140.7 

3400. 

52.2732 

5.8087 

58.0819 

6.1089 

19749.7 

3500. 

52.4417 

5.8178 

58.2595 

6.1457 

20362.5 

3600. 

52.6057 

5.8274 

58.4331 

6.1807 

20978.8 

3700. 

52.7655 

5.8374 

58.6029 

6.2140 

21598.6 

3800. 

52.9213 

5.8478 

58.7691 

6.2456 

22221.6 

3900. 

53.0733 

5.8584 

58.9317 

6.2753 

22847.6 

4000. 

53.2218 

5.86'91 

59.0909 

6.3032 

23476.5 

4100. 

53.3669 

5.8800 

59.2469 

6.3293 

24108.2 

4200. 

53.5087 

5.8910 

59.3997 

6.3537 

24742.3 

4300. 

53.6474 

5.9021 

59.5495 

6.3764 

25378.9 

4400. 

53.7832 

5.9131 

59.6963 

6.3975 

26017.6 

4500. 

53.9162 

5.9241 

59.8403 

6.4170 

26658.3 

4600. 

54.0466 

5.9350 

59.98 16 

6.4351 

27300.9 

4700. 

54.1743 

5.9458 

60.1201 

6.4517 

27945.3 

4800. 

54.2996 

5.9565 

60.2561 

6.4671 

28591.2 

4900. 

54.4225 

5.9671 

60.3896 

6.4612 

29238.6 

5000. 

54.5432 

5.9775 

60.5207 

6.4942 

29887.4 

5100. 

54.6617 

5.9877 

60.6494 

6.5062 

30537.5 

5200. 

54.7780 

5.9978 

60.7759 

6.5171 

31188.6 

5300. 

54.8924 

6.0077 

60.9001 

6.5272 

31840.9 

5400. 

55.0048 

6.0174 

61.0222 

6.5365 

32494. 1 

5500. 

55.1153 

6.0269 

61.1422 

6.5451 

33148.1 

5600. 

55.2240 

6.0363 

61.2602 

6.5530 

33803.0 

5700. 

55.3309 

6.0454 

61.3763 

6.5603 

34458.7 

5800. 

55.4361 

6.0543 

61.4904 

6.5671 

35115.1 

5900. 

55.5397 

6.0631 

61.6027 

6.5734 

35772. 1 

6000. 

55.6416 

6.0716 

61.7133 

6.5793 

36429.7 

6100. 

55.7421 

6.0800 

61.8221 

6.5848 

37087.9 

6200. 

55.8410 

6.0882 

61.9292 

6.5900 

37746. 7 

6300. 

55.9385 

6.0962 

6'2.0347 

6.5950 

38405.9 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories 

units. 

moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
-47.90 

for 
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Table  A-72-1  Thermodynamic  Functions 
T _(F°-H°)  H°  - H° 


6400. 

56.0345 

6.1040 

6500. 

56.1292 

6.1117 

6600. 

56.2226 

6.1192 

6700. 

56.3147 

6.1265 

6800. 

56.4055 

6.1337 

6900. 

56.4951 

6. 1407 

7000. 

56.5835 

6.1476 

7100. 

56.6707 

6.1544 

7200. 

56.7569 

6.  16 10 

7300. 

56.8419 

6.1675 

7400. 

56.9259 

6.1739 

7500. 

57.0088 

6.1801 

7600. 

57.0907 

6.1863 

7700. 

57.1716 

6.1923 

7800. 

57.2515 

6.1983 

7900. 

57.3305 

6.2041 

8000. 

57.4086 

6.2099 

8100. 

57.4858 

6.2156 

8200. 

57.5621 

6.2212 

8300. 

57.6375 

6.2267 

8400. 

57.7121 

6.2321 

8500. 

57.7859 

6.2375 

8600. 

57.8589 

6.2428 

8700. 

57.9311 

6.2480 

8800. 

58.0025 

6.2531 

8900. 

58.0732 

6.2582 

9000. 

58.1432 

6.2633 

9100. 

58.2124 

6.2683 

9200. 

58.2809 

6.2732 

9300. 

58.3488 

6.2781 

9400. 

58,4159 

6.2830 

9500. 

58.4825 

6.2878 

9600. 

58,5483 

6.2925 

9700. 

58.6136 

.6.2972 

9800. 

58.6782 

6.3019 

9900. 

58.7422 

6.3065 

10000. 

58.8056 

6.3111 

10100. 

58.8684 

6.3157 

for  Ti^  - continued 


S° 

C° 

P 

H°  - H° 

62.1385 

6.5997 

39065.7 

62.2409 

6.6043 

39725.9 

62.3418 

6,6087 

40386.5 

62.4412 

6,6129 

41047.6 

62.5392 

6,6171 

41709. 1 

62.6358 

6.6212 

42371.0 

62.7311 

6.6253 

43033.4 

62.8251 

6.6294 

43696. 1 

62.9179 

6.6334 

44359.2 

63.0094 

6.6375 

45022.8 

63.0997 

6.6415 

45686.7 

63.1889 

6.6457 

46351.1 

63.2770 

6.6498 

47015.9 

63.3639 

6.6540 

47681,1 

63.4498 

6.6583 

48346.7 

63.5346 

6.6626 

49012.7 

63.6185 

6.6670 

49679.2 

63.7013 

6.6715 

50346. 1 

63.7832 

6.6760 

51013.5 

63,8642 

6,6807 

51681.3 

63.9442 

6 . 6854 

52349.6 

64.0234 

6,6901 

53018.4 

64,1016 

6.6950 

53687.7 

64.1791 

6,6999 

54357.4 

64.2557 

6,7049 

55027.6 

64.3314 

6,7100 

55698.4 

64.4065 

6.7151 

56369.6 

64.4807 

6,7203 

57041.4 

64.5542 

6,7256 

57713.7 

64.6269 

6.7309 

58386.5 

64,6969 

6.7362 

59059.9 

64.7702 

6.7416 

59733.8 

64.8408 

6.7471 

60408.2 

64.9108 

6.7526 

61083.2 

64.9801 

6.7581 

61758,7 

65.0487 

6.7637 

62434.8 

65,1167 

6.7692 

63111.5 

65.1841 

6.7748' 

63788.7 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  °K'l  (or  “C'^  ) 

0.020877 

joules  g ^ °K  ^ (or  "C  ^ ) 

0.087349 

Btu  Ib"^  °R'^  (or  °F'^) 

0.020863 
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Table  A-73-1  Thermodyriainic  Functions  for  Br^ 


, T 
°K 

1 

00 

1 

o 

S° 

C° 

P 

H°  - H° 

T 

T 

273,15 

36,8455 

4,9682 

41,8136 

4,9682 

1357,1 

298,15 

37,2806 

4,9682 

42,2487 

4,9682 

1481,3 

1000, 

43.3074 

5.0353 

48,3426 

5.2778 

5035.3 

1 1 00. 

43.7885 

5 . 0609 

48.8494 

5,3568 

5567.0 

1200. 

44, 23nO 

5.0887 

49,3187 

5,4300 

6106.4 

l3no. 

44,6384 

5.1175 

49,7559 

5,4948 

6652.7 

lAoo. 

45,0187 

5.1465 

50.1652 

5,5502 

7205.1 

15oO. 

45,3748 

5.1750 

50.5498 

5,5962 

7762.5 

16o0, 

45,7097 

5.2025 

50.9122 

5,6334 

8324.0 

1700. 

46,0259 

5.2288 

5 1.2546 

5,6628 

8888.6 

18  00. 

46,3254 

5.2535 

51.5790 

5,6856 

6456.4 

1900. 

46,6101 

5.2768 

51.886P 

5.7030 

10025.8 

2000. 

46,8813 

5.2984 

52.1797 

5,7162 

10596.8 

2100. 

47,1403 

5.3186 

52.4589 

5.7260 

11  169.0 

2200. 

47,3882 

5.3373 

52.7254 

5.7334 

11742.0 

2300. 

47,6258 

5.3546 

52.9804 

5,7391 

12315.6 

2400. 

47,8541 

5.3707 

53.2248 

5,7436 

12889.7 

25no. 

48,0736 

5.3857 

53.4593 

5.7473 

13464.3 

2600. 

48,2851 

5.3997 

53.6848 

5.7506 

14039.2 

2700. 

48,4892 

5.4127 

53.901Q 

5,7536 

14614.4 

2800. 

48,6862 

5.4250 

54.1112 

5,7565 

15189.9 

2900. 

48,8768 

5.4364 

54,3132 

5,7594 

15765.7 

3000. 

49,0613 

5.4473 

54,5086 

5,7624 

16341.8 

3100. 

49,2401 

5.4575 

54,6975 

5,7654 

16918.2 

3200. 

49,4135 

5,4671 

54,8806 

5,7684 

17494.9 

3300. 

49,5819 

5.4763 

55.0582 

5.7714 

18071.9 

34n0. 

49,7455 

5.4850 

55,2305 

5,7743 

18649. 1 

3500. 

49,9046 

5.4933 

55.3979 

5.7772 

19226.7 

36oO. 

50.0595 

5.5013 

55.5607 

5,7799 

19804.6 

37oO. 

50,2l03 

5,5o88 

55,7191 

5,7825 

20382.7 

38  00. 

50,3573 

5,5161 

55,8734 

5.7848 

20961 . 1 

39nO. 

5o, 5no7 

5.5230 

56.0237 

5.7869 

21539.7 

4000. 

50,64o6 

5.5296 

56.1702 

5,7887 

22118.5 

41  00. 

50,7772 

5.5360 

56.3132 

5,7602 

22697.4 

4200. 

50.9107 

5.5420 

56.4527 

5.7914 

23276.5 

4300. 

51.0412 

5.5478 

56.5890 

5.7922 

23855.7 

4400. 

51.1688 

5.5534 

56.7222 

5,7926 

24434.9 

45  00. 

51.2936 

5.5587 

56,8523 

5.7926 

25014.2 

4600. 

51.4159 

5.5638 

56.9796 

5,7923 

25593.4 

4700. 

51.5356 

5.5686 

57.1042 

5,7916 

26172.6 

4800. 

51.6529 

5.5733 

57.2261 

5,7905 

26751.7 

4900. 

51.7678 

5.5777 

57.3455 

5.7890 

27330.7 

5000. 

51.8805 

5.5819 

57.4625 

5.7872 

27906.5 

5100. 

51.9911 

5.5859 

57,5770 

5,7850 

2R488. ] 

5200. 

52.0996 

5.5897 

57.6893 

5,7825 

26066.5 

53nO. 

52,2061 

5.5933 

57.7995 

5,7796 

26644.6 

5400. 

52.3107 

5,5967 

57.9075 

5.7764 

30222.4 

55  00. 

52,4134 

5.6000 

58.0134 

5,7729 

30799.9 

5600. 

52.5144 

5.6030 

58,1174 

5.7691 

31377.0 

5700. 

52.6136 

5.6059 

58.2195 

5.7651 

31953.7 

58  00. 

52,7111 

5,6086 

58,3197 

5.7607 

32530. 0 

5900. 

52.8070 

5.6112 

58.4182 

5.7562 

33105.9 

6000. 

52,9013 

5.6135 

58.5149 

5.7514 

33681.2 

61  00. 

52.9941 

5.6158 

58,6099 

5,7464 

34256.1 

62  00. 

53,0855 

5.6178 

58.7033 

5,7412 

34830.5 

6300. 

53,1754 

5.6197 

58,7951 

5,7358 

35404.3 

,The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories 

units. 

moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
79.9155 

for 
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Table  A-73-1  Thermodynamic  Fractions  for  Br^  - continued 


T 

°K 

1 

O 

H°  - H° 
T 

S° 

0° 

P 

H°  - H° 

AA  nn  , 

53.2639 

5.6215 

58.8854 

5,7302 

35977.6 

6500i 

53.3510 

5.6231 

58,9742 

5,7245 

36550#4 

66no» 

53.4369 

5.6246 

59,0615 

5,7187 

37122.5 

6700. 

53.5215 

5,6260 

59,1475 

5,7127 

37694. ] 

6800. 

53.6049 

5.6272 

59.2321 

5,7066 

38265.1 

6900. 

53.6870 

5.6283 

59.3153 

5.7004 

38835.4 

70n0. 

53.7680 

5.6293 

59.3973 

5,6941 

39405.2 

7100. 

53.847Q 

5.6302 

59.4780 

5,6878 

39974.2 

72  00  . 

53.9266 

5.6309 

59.5575 

5,6813 

40542,7 

73oO. 

54.0043 

5.6316 

59.6359 

5,6748 

41110.5 

74n0. 

54.o8o9 

5.6321 

59.7130 

5,6683 

41677,7 

7500. 

54.1565 

5.6326 

59.7891 

5,6617 

42244.2 

7600. 

54.2311 

5.6329 

59,8640 

5.6551 

42810.0 

7700. 

54.3048 

5.6331 

59,9379 

5,6485 

43375.2 

78  00. 

54.3774 

5.6333 

60.0107 

5.6418 

43939.7 

79  00. 

54.4492 

5.6334 

60.0826 

5.6352 

44^  03*6 

8 000. 

54.5201 

5.6333 

60.1534 

5,6285 

45066.7 

8100. 

54.5901 

5.6332 

60.2233 

5,6219 

45629.3 

8200. 

54.6592 

5.6331 

60.2922 

5,6152 

46191.1 

83oO. 

54.7274 

5.6328 

60.3603 

5,6086 

46752.3 

84n0. 

54.7949 

5.6325 

60.4274 

5.6020 

47312.8 

8 5 00. 

54.8616 

5.6321 

60.4936 

5,5954 

47872.7 

86  00. 

54.9274 

5.6316 

60.5590 

5,5888 

48431.9 

87n0» 

54.9925 

5.6311 

60.6236 

5,5823 

48990.5 

88n0» 

55.0569 

5.63o5 

60.6874 

5,5758 

49548.4 

8900. 

55.1205 

5.6298 

60,7504 

5.5694 

50105.6 

9000. 

55.1834 

5,6291 

60.8125 

5,5630 

50662.2 

9100. 

55,2456 

5,6284 

60,8740 

5,5566 

51218.2 

9200. 

55,3071 

5,6276 

60.9347 

5,5503 

51773.6 

9300. 

55,3679 

5.6267 

60.9946 

5.5441 

52328.3 

9400. 

55.4281 

5,6258 

61.0539 

5,5379 

52882.4 

9500. 

55.4876 

5.6248 

61,1125 

5.5318 

53435.9 

9600. 

55,5465 

5.6238 

61.1704 

5,5257 

53988.7 

9700. 

55,6048 

5.6228 

61.2276 

5,5197 

54541.0 

9800. 

55,6625 

5,6217 

61,2842 

5,5138 

55092.7 

99  00. 

55,7195 

5.6206 

61.3401 

5,5079 

55643.8 

loooo. 

55.7760 

5.6194 

61.3955 

5.5021 

56194.3 

loloo. 

55.8319 

5.6182 

61.4502 

5,4964 

56744.2 

CONVERSION  FACTORS 

To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g"^  °K‘l  (or  “C'^  ) 

0.012513 

joules  g ^ “K  ^ (or  °C  ^ ) 

0.052354 

Btu  lb‘^  “R‘^  (or  “F"^) 

0.012505 
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Table  A-74-1  Thermodynamic  Functions  for  W 


H°  - K° 


°K 

T 

T 

S° 

C° 

P 

H°  - H° 

273.15 

37.5096 

4.9788 

A2.4884 

5 .0534 

1360.0 

298.15 

37.9459 

4.9873 

42.9332 

5.1082 

1487.0 

1000. 

44.4172 

6.0268 

50.4439 

7.5535 

6026.8 

1100. 

44.9986 

6. 1739 

51.1725 

7.7314 

6791.3 

1200. 

45.5417 

6.3100 

51.8517 

7.8769 

7572.0 

1300. 

46  *05 1 8 

6.4352 

52.4869 

7.9929 

8365.7 

1400. 

46.5329 

6.5498 

53.0827 

8.0818 

9169.7 

1500. 

46.9884 

6.6542 

53.6426 

8.1462 

9981.3 

1600. 

47.4209 

6.7489 

54.1698 

8.1888 

10798.2 

1700. 

47.8327 

6.8344 

54.6671 

8.2131 

11618.4 

1800. 

48.2256 

6.9113 

55.1368 

8.2224 

12440.3 

1900. 

48.6011 

6.9803 

55.5814 

8.2203 

13262.5 

2000. 

48.9608 

7.0420 

56.0028 

8.2103 

14084.1 

2100. 

49.3057 

7.0973 

56.4030 

8.1954 

14904.4 

2200. 

49.6370 

7.1469 

56.7839 

8.1785 

15723. 1 

2300. 

49.9557 

7.1913 

57.1471 

8.1618 

16540. 1 

2400. 

50.2627 

7.2315 

57.4941 

8.1472 

17355.5 

2500. 

50.5586 

7.2679 

57.8265 

8.1362 

18169.7 

2600. 

50.8443 

7.3011 

58.1454 

8.1297 

18982.9 

2700. 

51.1204 

7.3318 

58.4522 

8.1283 

19795.8 

2800. 

51.3876 

7.3603 

58.7479 

8.1326 

20608.8 

2900. 

51.6464 

7.3871 

59.0334 

8.1424 

21422.5 

3000. 

51.8972 

7.4125 

59.3097 

8.1576 

22237.4 

3100. 

52.1407 

7.4368 

59.5775 

8.1780 

23054.2 

3200. 

52.3772 

7.4604 

59.8375 

8.2030 

23873.2 

3300. 

52.6071 

7.4833 

60.0904 

8.2320 

24694.9 

3400. 

52.8308 

7.5058 

60.3366 

8.2645 

25519.7 

3500. 

53.0487 

7.5280 

60.5767 

8.2998 

26347.9 

3600. 

53.2611 

7.5499 

60.8110 

8.3372 

27179.7 

3700. 

53.4682 

7.5717 

61.0400 

8.3759 

28015.4 

3800. 

53.6705 

7.5934 

61.2639 

8.4154 

28854.9 

3900. 

53.8680 

7.6150 

61.4830 

8 .4550 

29698.5 

4000. 

54.0610 

7.6365 

61.6975 

8.4941 

30545.9 

4100. 

54.2499 

7.6579 

61.9077 

8.5322 

31397.2 

4200. 

54.4347 

7.6791 

62.1138 

8.5687 

32252.3 

4300. 

54.6156 

7.7002 

62.3158 

8.6034 

33110.9 

4400. 

54.7929 

7.7211 

62.5140 

8.6357 

33972.9 

4500. 

54.9666 

7.7418 

62.7084 

8.6654 

34838.0 

4600. 

55.1370 

7.7621 

62.8991 

8.6923 

35705.9 

4700. 

55.3041 

7.7822 

63.0863 

8.7161 

36576.3 

4800. 

55.468? 

7.8019 

63.2701 

8i7367 

37449.0 

4900. 

55.6293 

7.8211 

63.4504 

8.^7540 

38323.6 

5000. 

55.7875 

7.8399 

63.6274 

8.7680 

39199.7 

5100. 

55.9429 

7.8582 

63.8011 

8.7786 

40077.1 

5200. 

56.0957 

7.8760 

63.9717 

8.7859 

40955.3 

5300. 

56.2458 

7.8932 

64.1391 

8.7899 

41834. 1 

5400. 

56.3935 

7.9098 

64.3034 

8.7907 

42713.2 

5500. 

56.5388 

7.9258 

64.4647 

8.7885 

43592.2 

5600. 

56.6818 

7.9412 

64.6230 

8.7833 

44470.8 

5700. 

56.8225 

7.9559 

64.7784 

8.7753 

45348.7 

5800. 

56.9610 

7.9700 

64.9309 

8.7646 

46225.8 

5900. 

57.0973 

7.9833 

65.0806 

8.7515 

47101.6 

6000. 

57.2316 

7.9960 

65.2276 

8.7360 

47976.0 

6100. 

57.3639 

8.0080 

65.3718 

8.7184 

48848.7 

6200. 

57.4942 

8.0193 

65.5135 

8.6989 

49719.6 

6300. 

57.6226 

8.0299 

65.6525 

8.6776 

50588. 4 

The  tables 
conversibn 

are  in  units  of 
factors  to  other 

calories 

units. 

moles  and  °K.  See 
The  atomic  weight,  = 

reverse  side 
183.86 

for 
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Table  A-74-I 


Thermodynamic  Functions  for  W 


- continued 


T 

°K 

H°  - H° 

T 

T 

6400. 

57.7491 

8.0399 

6500. 

57.8738 

8.0491 

6600. 

57.9968 

8.0577 

6700. 

58.1180 

8.0657 

6800. 

58.2376 

8.0730 

6900. 

58.3555 

8.0798 

7000. 

58.4718 

8.0859 

7100. 

58.5865 

8.0914 

7200. 

58.6997 

8.0963 

7300. 

58.8114 

8.1008 

7400. 

58.9217 

8.1046 

7500. 

59.0305 

8.1080 

7600. 

59.1379 

8.1109 

7700. 

59.2439 

8.1133 

7800. 

59.3486 

8.1153 

7900. 

59.4520 

8. 1168 

8000. 

59.5541 

8.1179 

8100. 

59.6550 

8.1187 

8200. 

59.7546 

8.1190 

■8300. 

59.8530 

8.1191 

8400. 

59.9502 

8.1187 

8500. 

60.0463 

8.1181 

8600. 

60.1413 

8.1172 

8700. 

60.2351 

8.1160 

8800. 

60.3278 

8. 1145 

8900. 

60.4195 

8.1128 

9000. 

60.5102 

8.1109 

9100. 

60.5998 

8.1087 

9200. 

60.6884 

8.1063 

9300. 

60*7760 

8.1038 

9400. 

60.8627 

8.1011 

9500. 

60.9484 

8.0982 

9600. 

61.0332 

8.0952 

9700. 

61.1170 

3.0920 

9800. 

61.2000 

8.0887 

9900. 

61.2821 

8.0853 

lOOOO. 

61.3634 

8.0818 

loioo. 

61.4438 

8.0782 

S° 

C° 

P 

H°  - Hg 

65.7890 

8.6547 

51455.1 

65.9230 

8.6303 

52319.3 

66.0545 

8.6047 

53181. 1 

66.1837 

8.5780 

54040.2 

66.3106 

8.5504 

54896.7 

66.4352 

8.5220 

55750. 3 

66.5576 

8.4929 

56601.0 

66.6779 

8.4633 

57448.8 

66.7961 

8.4333 

58293.7 

66.9122 

8.4031 

59135.5 

67.0263 

8.3727 

59974.3 

67.1385 

8.3423 

60810.0 

67.2488 

8.3119 

61642.7 

67.3572 

8.2816 

62472.4 

67.4639 

8.2515 

63299. 1 

67.5688 

8.2217 

64122.7 

67.6721 

8.1923 

64943 . 4 

67.7736 

8.1632 

65761.2 

67.8736 

8.1346 

66576. 1 

67.9721 

8.1065 

67388.1 

68.0690 

8.0789 

68197.4 

68.1644 

8.0519 

69003.9 

68.2584 

8.0254 

69807.8 

68.3511 

7.9996 

70609.0 

68.4424 

7.9745 

71407.7 

68.5323 

7.9500 

72204.0 

68.6210 

7.9262 

72997.8 

68.7085 

7.9030 

73789.2 

68.7947 

7.8805 

74578.4 

68.8798 

7.8588 

75365.3 

68.9637 

7.8377 

76150.2 

69.0466 

7.8173 

76932.9 

69.1283 

7,7975 

77713.6 

69.2090 

7.7785 

78492.4 

69.2887 

7,7601 

79269.3 

69.3674 

7,7423 

80044.5 

69.4451 

7.7253 

80817.8 

69.5219 

7.7088 

81589.5 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g’l  °K‘l  (or  °C‘^  ) 

.0054389 

joules  g ^ "K  ^ (or  °C  ^ ) 

.022756 

Btu  Ib'^  °R'^  (or  °F'^) 

.0054354 
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Table  A-75-1  Thermodynamic  Functions  for  Zr^ 


T 

°K 

-(F°-Hg) 

oo 

0 

S° 

H°  - H° 

T 

T 

273.15 

298.15 

37.3543 

37,8759 

5.9205 

5.9898 

43,2748 

43.8657 

6,7330 

6.7598 

1617.2 

1785.9 

lOOO* 

45,4762 

6,4167 

51.8929 

6.5387 

6416,7 

lino. 

46,0884 

6.4295 

52.5179 

6.5767 

7072.5 

1200. 

46,6484 

6.4435 

53.0919 

6,6171 

7732.2 

1300, 

47,1647 

6.4583 

53.6231 

6,6561 

8395.8 

1400, 

47,6439 

6.4738 

54.1177 

6,6918 

9063.3 

1500, 

48,0911 

6,4894 

54,5805 

6,7231 

9734.0 

1600. 

48.5104 

6.5048 

55.0152 

6,7501 

10407.7 

1700. 

48,9052 

6.5200 

55.4252 

6,7726 

11083.9 

1800, 

49,2783 

6.5345 

55.8128 

6,7912 

11762.1 

1900, 

49,6320 

6.5484 

56.1804 

6,8061 

12442.0 

2000. 

49,9682 

6.5616 

56,5298 

6.8177 

13123.2 

2100, 

50,2887 

6.5740 

56.8627 

6,8265 

13805.5 

2200. 

50,5947 

6.5857 

57,1804 

6,8328 

14488.5 

2300. 

50.8877 

6.5965 

57,4842 

6,8369 

15172.0 

2400. 

51,1687 

6,6066 

57.7753 

6,8392 

15855.8 

2500. 

51.4386 

6.6159 

58,0545 

6,8397 

16539.7 

2600, 

51.6982 

6.6245 

58,3227 

6,8389 

17223.7 

2700. 

51.9484 

6,6324 

58,5808 

6,8367 

17907.5 

2800, 

52,1897 

6.6396 

58,8294 

6,8334 

18591.0 

2900. 

52,4228 

6,6462 

59,0691 

6,8291 

19274. 1 

3000. 

52,6483 

6.6523 

59.3005 

6,8239 

19956.8 

3100. 

52,8665 

6.6577 

59,5242 

6,8180 

20638.9 

3200, 

53,0779 

6.6626 

59.7405 

6.8113 

21320.3 

3300. 

53,2830 

6,6670 

59,9500 

6.8040 

22001.1 

3400. 

53.4821 

6,6709 

60.1530 

6.7961 

22681.1 

3500. 

53.6755 

6.6744 

60.3499 

6.7878 

23360.3 

3600. 

53,8636 

6.6774 

60.5410 

6,7790 

24038.7 

3700. 

54.0466 

6.6800 

60.7266 

6,7699 

24716. 1 

3800. 

54,2248 

6.6823 

60,9070 

6,7606 

25392,7 

3900. 

54,3984 

6.6842 

61.0825 

6,7510 

26068.2 

4000. 

54,5676 

6,6857 

61.2533 

6,7412 

26742,8 

4100. 

54,7327 

6,6869 

61.4197 

6,7314 

27416.5 

4200. 

54,8939 

6.6879 

61.5818 

6,7215 

28089,1 

4300. 

55.0512 

6.6886 

61.7398 

6.7116 

28760.8 

4400. 

55.2050 

6.6890 

61.8940 

6.7018 

29431.4 

A5oO. 

55.3553 

6.6891 

62.0A45 

6.6922 

30101. 1 

46oO. 

55.5024 

6.6391 

62.1915 

6,6827 

30769.9 

A7o0. 

55,6462 

6.6389 

62.3351 

6.6734 

31437.7 

48  00. 

55.7870 

6.6885 

62.4755 

6 . 6645 

32104.6 

4900, 

55,9249 

6.6879 

62.6128 

6.6558 

32770.6 

5000. 

56 , ObOO 

6,6871 

62,747? 

6,6475 

33435.7 

5100. 

56.1925 

6,6863 

62,8788 

6,6396 

34100.1 

5200. 

56,3223 

6.6853 

63.0076 

6,6321 

34763.7 

5300. 

56,4496 

6.6843 

63,1339 

6.6251 

35426.5 

5400. 

56.5746 

6.6831 

63,2576 

6,6185 

36088.7 

5500, 

56.6972 

6.6819 

63.3790 

6,6124 

36750.2 

5600. 

56.8176 

6.6806 

63.4981 

6.6068 

37411.2 

57  00. 

56.9358 

6.6792 

63,6150 

6,6017 

38071,6 

5800. 

57.0519 

6,6779 

63.7298 

6,5972 

38731.6 

5900. 

57.1661 

6.6765 

63,8425 

6.593? 

39391.1 

6000, 

57.2783 

6.6750 

63.9533 

6,5898 

40050.2 

6100. 

57,3886 

6.6736 

64,0622 

6,5869 

40709.1 

6200. 

57.4971 

6,6722 

64,1693 

6,5845 

41367.6 

6300, 

57,6039 

6.6708 

64.2746 

6,5827 

42026.0 

The  tables 
conversion 

are  in  unit 
factors  to 

s of  calories, 
other  units. 

moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
91.22 

for 
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Table  A-75-1  Thermodynamic  -Functions  for  Zr^  - continued 


T 

°K 

1 

0 

H?  - H° 
T 

S° 

C° 

P 

H°  - H° 

6400. 

57.7089 

6.6694 

64.3783 

6.5814 

42684. 

6500. 

57.8123 

6.6680 

64.4803 

6.5806 

43342. 

6600. 

57.9141 

6.6667 

64.5808 

6.5803 

44000. 

6700. 

58.0143 

6.6654 

64.6798 

6.5806 

44658. 

6800. 

58.1131 

6.6642 

64.7772 

6.5813 

45316. 

6900. 

58.2103 

6.6630 

64.8733 

6.5825 

45974. 

7000. 

58.3062 

6.6619 

64.9681 

6.5842 

46633. 

7100. 

58.4007 

6.6608 

65.0615 

6.5863 

47291, 

7200. 

=8.493° 

6.6598 

65.1536 

6.5888 

47950. 

7300. 

58.5857 

6.6588 

65.2445 

6.5918 

48609. 

7400. 

58.676? 

6.6579 

65.3342 

6.5951 

49268. 

7500. 

58.7657 

6.6571 

65.4228 

6.5988 

49928, 

7600. 

58.8538 

6.6564 

65.5102 

6.6028 

50588. 

7700. 

58.9408 

6.6557 

65.5965 

6.6072 

51248. 

7800. 

59.0267 

6.6551 

65.6818 

6.6118 

51909. 

7900. 

=9,1115 

6.6  546 

65.766] 

6.6168 

52571. 

8000. 

59.1952 

6.6541 

65.8493 

6.6220 

53233. 

81  00. 

59.2770 

6.6538 

65.9316 

6.6275 

53895. 

82o0* 

59.3505 

6.6535 

66.0130 

6.633-2 

54558. 

83oo. 

59 ,44o 1 

6.6533 

66.0934 

6.6391 

55222. 

8400. 

59.5198 

6.6532 

66.1730 

6.6452 

55886. 

85  O0» 

59.5986 

6.6531 

66.25  17 

6,6515 

56551. 

86oo. 

59.6764 

6.6531 

66.3295 

6,6579 

57216. 

8700, 

59.7533 

6.6532 

66.4065 

6,6645 

57882. 

8800. 

59.829? 

6.6534 

66.4827 

6,6712 

58549, 

8900. 

59.9045 

6.6536 

66.5581 

6,6780 

59217. 

9000. 

59.9789 

6.6539 

66.6328 

6,6848 

59885. 

9100. 

60.0524 

6.6543 

66.7067 

6,6918 

60554. 

9200. 

60.1251 

6.6547 

66.7799 

6,6988 

61223. 

9300. 

60.1971 

6.6553 

66.8523 

6.7058 

61893. 

9400. 

60.2682 

6.6558 

66.924] 

6,7129 

62564. 

9500. 

60.3387 

6.6565 

66.9951 

6.7200 

63236. 

9600. 

60.4084 

6.6572 

67.0655 

6,7270 

63908. 

9700. 

60.4774 

6.6579 

67.1353 

6,7341 

64581. 

9800. 

60.5457 

6.6587 

67.2044 

6.7411 

65255. 

9900. 

60.613? 

6.6596 

67.2729 

6.7482 

65-930, 

lOOOO. 

60.6802 

6.6605 

67.3407 

6.7551 

66605. 

10100. 

60.7465 

6.6615 

67.4080 

6,7620 

67281. 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g'^  (or  ‘’C’^  ) 

0.010962 

joules  g ^ °K  ^ (or  °C  ^ ) 

0.045865 

Btu  Ib'^  °R'^  (or  °F'^) 

0.010955 
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Table  A-76-1 


Thermodynamic  Functions  for  Mo 


T 

°K 

T 

H°  - H° 
T 

S° 

C° 

P 

H°  - H° 

273.15 

37.7529 

4.9681 

42.7210 

4.9681 

1357.1 

298,15 

38.1880 

4.9681 

43.1561 

4,9681 

1481.3 

1000. 

44.2002 

4.9682 

49.1684 

4,9682 

4968.2 

1100. 

44.6737 

4.9682 

49,6419 

4,9683 

5465.0 

1200. 

45.1060 

4.9682 

50.0742 

4,9688 

5961.8 

1300. 

45.5037 

4.9683 

50.4720 

4.9700 

6458.8 

1400. 

45.8719 

4.9685 

50.8403 

4.9725 

6955.9 

1500. 

46.2147 

4.9689 

51.1836 

4,9773 

7453. 3 

1600. 

46.5354 

4.9697 

51.5050 

4.9857 

7951.4 

1700. 

46,8367 

4.9710 

51.8077 

4.9994 

8450.7 

1800. 

47.1209 

4.9731 

52.0940 

5.0201 

8951.6 

1900. 

47.3898 

4.9763 

52.3662 

5.0500 

9455.0 

2000. 

47.6452 

4.9810 

52.6262 

5.0909 

9961.9 

2100. 

47.8884 

4.9874 

52.8758 

5,1451 

10473.6 

2200. 

48 .1206 

4.9961 

53.1167 

5,2144 

10991.4 

2300. 

48.3429 

5 • 0074 

53.3503 

5.3005 

11517.0 

2400. 

48.5563 

5.0217 

53.5780 

5,4048 

12052.2 

2500. 

48,7617 

5.0395 

53.8011 

5.5286 

12598.7 

2600. 

48.9597 

5.0610 

54.0207 

5.6726 

13158.5 

2700. 

49.1512 

5.0866 

54.2378 

5.8371 

13733.9 

2800. 

49.3367 

5.1167 

54*4534 

6.0223 

14326.7 

2900. 

49.5168 

5.1514 

54.6682 

6,2277 

14939.0 

3000. 

49.6921 

5.1910 

54.8831 

6,4527 

15572.9 

3100. 

49.8631 

5.2355 

55.0986 

6.6963 

16230.2 

3200. 

50.0301 

5.2852 

55.3153 

6.9569 

16912.7 

3300. 

50.1935 

5.3400 

55,5335 

7,2330 

17622.1 

3400. 

50.3538 

5.3999 

55.7537 

7.5225 

18359. 7 

3500. 

50.5113 

5.4648 

55.9761 

7.8235 

19126.9 

3600. 

50.6662 

5.5346 

56,2008 

8 .1334 

19924. 7 

3700. 

50.8188 

5.6091 

56.4280 

8.4499 

20753.8 

3800. 

50.9695 

5.6881 

56.65  76 

8.7704 

21614.8 

3900. 

51.1183 

5.7713 

56,8895 

9.0922 

22508^0 

4000. 

51.2655 

5.8583 

57.1238 

9.4129 

23433.2 

4100. 

51.4112 

5.9489 

57,3601 

9.7298 

24390.4 

4200. 

51.5557 

6.0426 

57.5983 

10.0405 

25379.0 

4300. 

51.6990 

6.1391 

57.8381 

10.3428 

26398.2 

4400. 

51.8413 

6.2380 

58.0793 

10.6345 

27447. 2 

4500. 

51.9826 

6.3388 

58.3214 

10.9136 

28524. 7 

4600. 

52.1230 

6.4412 

58.5642 

11.1785 

29629.4 

4700. 

52.2627 

6.5447 

58.8073 

11.4277 

30759.9 

4800. 

52.4015 

6.6488 

59.0504 

11.6599 

31914.4 

4900. 

52.5397 

6.7533 

59.2930 

11.8742 

33091.3 

5000. 

52.6772 

6.8577 

59.5349 

12.0698 

34288.6 

5100. 

52i8140 

6.9617 

59.7757 

12,2464 

35504.6 

5200. 

52.9502 

7.0649 

60.0151 

12.4036 

36737.3 

5300. 

53.0858 

7.1669 

60.2527 

12.5414 

37984.7 

5400. 

53.2207 

7.2676 

60,4882 

12.6601 

39244.9 

5500. 

53.3549 

7.3666 

60.7215 

12.7599 

40516. 1 

5600. 

53.4885 

7.4636 

60.9522 

12.8413 

41796. 3 

5700. 

53.6215 

7.5585 

61.1800 

12.9051 

43083.7 

5800. 

53.7537 

7.6512 

61.4049 

12.9519 

44376. 7 

5900. 

53.8853 

7.7413 

61.6266 

12.9826 

45673.6 

6000. 

54,0161 

7.8288 

61.8449 

12.9982 

46972.7 

6100. 

54.1463 

7.9136 

62.0598 

12.9996 

48272.7 

6200. 

54.2756 

7.9955 

62.2711 

12.9877 

49572.2 

6300. 

54.4042 

8.0746 

62.4788 

12.9638 

50869.9 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories 

units. 

moles  and  °K.  See 
The  atomic  weight  = 

reverse  side 
95.95 

for 
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Table  A-76-1  XheiTnodynamic  Functions  for  Mo"*"  - continued 


o 

1-3 

-(F°-H°) 

H°  - Hg 

S° 

0° 

P 

H°  - Hg 

T 

T 

64oO« 

54.5319 

8.1507 

62.6826 

12.9286 

52164.6 

6500. 

54.6589 

8.2239 

62 .8828 

12.8833 

53455.3 

6600  . 

54.7850 

8.2941 

63.0791 

12.8288 

54740.9 

6700. 

54.9102 

8.3613 

63.2715 

12.7662 

56020.8 

6800. 

55.0346 

8.4256 

63.4601 

12.6962 

57293.9 

6900. 

55.1580 

8.4869 

63.6449 

12.6199 

58559.8 

7000. 

55.2805 

8 . 5454 

63.8259 

12.5379 

59817. 7 

7100. 

55.4022 

8.6010 

64.0032 

12.4512 

61067.2 

7200. 

55.5228 

8.6539 

64.1767 

12.3605 

62  3 07 • b 

7300. 

55.6425 

8.7040 

64.3465 

12.2663 

63539.2 

7400. 

55.7613 

8.7515 

64.5128 

12.1695 

64761. 0 

7500. 

55.8791 

8.7964 

64.6755 

12.0705 

65973.0 

7600. 

55.9959 

8.8386 

64 .8347 

11.9698 

67175.0 

7700. 

56.1117 

8.8788 

64.9905 

11.8681 

68366.9 

7800. 

56.2265 

8.9165 

65.1430 

11.7656 

69548.6 

7900. 

56.3403 

8.9519 

65.2922 

11.6629 

70720. 1 

8000. 

56.4531 

8.9852 

65.4383 

11.5602 

71881.2 

8100. 

56.5649 

9.0163 

65.5812 

11.4579 

73032.1 

8200. 

56.6757 

9.0455 

65.7212 

11.3563 

74172.8 

8300. 

56.7855 

9.0727 

65.8562 

11.2556 

75303.4 

8400. 

56.8943 

9.0981 

65.9924 

11.1560 

0 

8500. 

57.0022 

9.1217 

66.1239 

11.0578 

77534.6 

8600. 

57.1090 

9.1437 

66.2526 

10.9610 

78635.6 

8700. 

57.2143 

9.1640 

66.3788 

10.8659 

79726.9 

8800. 

57.3196 

9.1828 

66.5025 

10.7725 

80808. 8 

8900. 

57.4235 

9.2002 

66.6237 

10.6809 

81881.4 

9000. 

57.5264 

9.2161 

66  • 

10.5912 

62945.0 

9100. 

57.6283 

9.2307 

66.8591 

10.5036 

83999.8 

9200. 

57.7293 

9.2441 

66.9734 

10.4179 

65045.8 

9300. 

57.8293 

9.2563 

67.0856 

10.3344 

86083.4 

9400. 

57.9283 

9.2673 

67 . 1956 

10.2529 

87112.8 

9500. 

58.0265 

9.2773 

67.3037 

10.1735 

88134. 1 

9600. 

58.1236 

9.2862 

67.4098 

10.0962 

89147.5 

9700. 

58.2199 

9.2942 

67.5141 

10.0211 

90153.4 

9800. 

58.3153 

9.3012 

67.6165 

9.9480 

91151.6 

^900. 

58.4097 

9.3074 

67.7171 

9.8770 

92143. 1 

lOOOO. 

58.5033 

9.3127 

67.8160 

9.8080 

93127.3 

10100. 

58.5960 

9.3173 

67.9133 

9.7411 

94104. 7 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g'l  °K'l  (or  “C'^  ) 

0.010422 

joules  g ^ °K  ^ (or  "C  ^ ) 

0.043606 

Btu  lb‘^  °R'^  (or  “F'S 

0.010415 
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Table  A-77-1 


Thermodynamic  Functions  for  I 


+ 


T 

oc 

1 

0 

1 

H°  - H° 

°K 

u 

u 

S° 

C° 

P 

H°  - H° 

T 

T 

273,15 

38.2242 

4.9681 

43.1923 

4,9681 

1357.1 

298.15 

38,6592 

4.9681 

43.6274 

4,9681 

1481.3 

inno. 

44.6716 

4.9689 

49,6405 

4.9759 

4968.9 

1100. 

45.1452 

4,9699 

50.1151 

4,9839 

5466.9 

1200, 

45,5777 

4.9716 

50.5493 

4,9961 

5965,9 

1300, 

45,0757 

4,9741 

50,9498 

5.0130 

6466.3 

l4no. 

46,3445 

4,9776 

51.3221 

5,0348 

6968,6 

l5oo» 

46.6880 

4,9823 

51.6703 

5.0612 

7473.4 

1600. 

47,0098 

4.9881 

51.9979 

5.0920 

7981.0 

ivoo. 

47,3124 

4,9952 

52.3076 

5,1266 

8491.9 

1800. 

47.5981 

5,0036 

52.6017 

5.1643 

9006.4 

1900. 

47.8689 

5.0131 

52.8820 

5,2045 

9524.9 

2000* 

48,1263 

5.0237 

53.1500 

5,2466 

10047.4 

2l00» 

48.3717 

5.0353 

53.4070 

5,2900 

10574.2 

2200. 

48,6062 

5.0479 

53.6542 

5,3343 

11105.4 

2300. 

48.8309 

5,0613 

53,8923 

5,3790 

11641.1 

2400. 

49,0466 

5.0755 

54.1221 

5,4236 

12181.2 

2500. 

49,2541 

5,0903 

54,3444 

5,4680 

12725.8 

2600. 

49,4541 

5.1057 

54.5598 

5,5117 

13274.8 

2700, 

49,6470 

5.1215 

54,7686 

5.5546 

13828.1 

2800. 

49,8336 

5.1377 

54.9713 

5.5965 

14385.7 

2900. 

50.0142 

5, 1543 

55,1684 

5.6372 

14947,4 

3000. 

50.1892 

5.1710 

55.3602 

5.6766 

15513.1 

3100. 

50,3590 

5.1880 

55,5470 

5.7145 

16082.7 

3200. 

50,5240 

5.2050 

55,7290 

5,7500 

16655.0 

3300, 

50,6844 

5,2221 

55.9065 

5,7857 

17232.8 

3400. 

50,8406 

5.2391 

56,0797 

5,8189 

17813.0 

3500, 

50,9927 

5,2561 

56,2488 

5,8504 

18396.5 

3600. 

51.1410 

5.2731 

56.4141 

5,8802 

18983.1 

3700, 

51.2857 

5.2899 

56,5756 

5,9083 

19572.5 

3800. 

51,4270 

5.3065 

56,7335 

5,9347 

20164.7 

3900. 

51.5651 

5,3229 

56,8880 

5.9593 

20759.4 

4000, 

51.7000 

5.3391 

57,0391 

5,9823 

21356.5 

4100, 

51.8321 

5.3551 

57.1871 

6,0036 

21955.8 

4200. 

51.9613 

5.3707 

57.3320 

6,0232 

22557. 1 

4300. 

52,0878 

5.3861 

57,4740 

6.0413 

23160.4 

4400, 

52,2118 

5,4012 

57,6131 

6,0578 

23765.4 

45oO. 

52.3334 

5.4160 

57,7494 

6,0728 

24371.9 

4600. 

52,4526 

5.4304 

57.8830 

6,0863 

24979.9 

4700, 

52,5695 

5 . 4445 

58,0140 

6.0983 

25589. 1 

4800. 

52,6843 

5,4582 

58.1425 

6,1091 

26199.5 

4900, 

52,7970 

5,4716 

58,2686 

6,1185 

26810.9 

5000. 

52,9076 

5.4846 

58,3923 

6,1266 

27423. 1 

5100. 

53.0164 

5,4973 

58,5137 

6.1336 

28036.1 

5200. 

53,1233 

5,5096 

58,6328 

6,1394 

28649.8 

5300. 

53,2283 

5.5215 

58,7498 

6,1441 

29264,0 

54oO. 

53.3316 

5.5331 

58.8647 

6.1478 

29878.6 

55oO« 

53.4333 

5,5443 

58,9775 

6,1505 

30493.5 

5600. 

53.5333 

5.5551 

59,0884 

6.1522 

31108.6 

52oO» 

53,6317 

5.5656 

59,1973 

6,1532 

31723.9 

58oO. 

53.7286 

5,5757 

59,3043 

6,1533 

32339,2 

5900. 

53,8240 

5,5855 

59,4095 

6,1526 

32954,5 

6000. 

53,9179 

5.5950 

59.5129 

6,1512 

33569.7 

61  00» 

54, 0l05 

5,6041 

59.6145 

6,1491 

34184.8 

6200. 

54,1017 

5.6128 

59,7145 

6.1464 

34799.5 

6300. 

54.1915 

5,6213 

59,8128 

6,1431 

35414.0 

The  tables 

are  in  units  of 

calories, 

moles  and  °K.  See 

reverse  side 

for 

conversion 

factors  to  other 

units. 

The  atomic  weight  = 

126.91 
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Table  A-77-1  Thermodynamic  Functions  for  I - continued 


T 

°K 

T 

H°  - H° 
T 

S° 

C° 

P 

H°  - H° 

6A00. 

54.2801 

5.6294 

59,9095 

6,1393 

36028.2 

65n0» 

54.3675 

5.6372 

6 0 • 00 A7 

6,1350 

36641.9 

6600. 

54.4536 

5.6447 

60.0983 

6,1302 

37255.1 

6700, 

54,5385 

5.6519 

60.1905 

6,1250 

37867.9 

6800, 

54,6223 

5.6588 

60.2812 

6.1193 

38480. 1 

6900, 

54,7050 

5.6655 

60,3704 

6.1134 

39091.8 

7000, 

54,7865 

5.6718 

6 0 #45  84 

6,1071 

39702.8 

7100. 

54.8670 

5,6779 

60.5449 

6,1004 

40313.2 

7200. 

54,9465 

5.6837 

60.6302 

6,0936 

40922.9 

7300, 

55,0249 

5.6893 

60.7142 

6,0864 

41531,9 

7400. 

55.1024 

5,6946 

60,7970 

6,0791 

42140. 1 

7500. 

55,1788 

5.6997 

60,8785 

6,0716 

42747,7 

7600. 

55,2544 

5,7045 

60.9589 

6.0638 

43354.4 

7700, 

55,3290 

5.7091 

61.0381 

6,0560 

43960.4 

7800. 

55,4027 

5.7135 

61,1162 

6,0480 

44565.6 

7900, 

55,4755 

5.7177 

61.1932 

6,0399 

45  170,0 

8000. 

55,5474 

5,7217 

61.2691 

6,0317 

45773.6 

8100. 

55,6185 

5.7255 

61,3440 

6,0?34 

46376.4 

8200. 

55.6888 

5,7291 

61,4179 

6,0151 

46978.3 

8300. 

55,7583 

5.7325 

61.4907 

6.0068 

47579,4 

8400. 

55,8269 

5,7357 

61,5626 

5,9984 

48179,7 

8500. 

55,8948 

5,7387 

61.6335 

5.9900 

48779, 1 

8600. 

55,9620 

5.7416 

61.7036 

5,9816 

49377.7 

8700. 

56,0284 

5.7443 

61.7727 

5.9733 

49975.4 

8800. 

56,0940 

5.7469 

61,8409 

5,9650 

50572.3 

8900» 

56.1590 

5,7493 

61.9082 

5,9567 

51168.4 

9000. 

56.2232 

5.7515 

61.9747 

5,9485 

51763.7 

9100. 

56,2868 

5,7536 

62 , 0404 

5 . 9404 

52358.1 

9200. 

56,3497 

5.7556 

62.1053 

5,9323 

52951,7 

93n0. 

56,4119 

5.7575 

62,1694 

5,9244 

53544.6 

94o0. 

56.4735 

5.7592 

62.2327 

5,9165 

54136.6 

95oO. 

56.5345 

5. 7608 

62,2953 

5,9088 

54727.9 

9600. 

56,5948 

5.7623 

62,3571 

5,9012 

55  318.4 

9700. 

56,6545 

5,7637 

62.4182 

5,8937 

55908.1 

9800, 

56,7136 

5.7650 

62.4786 

5,8864 

56497.1 

9900. 

56,7722 

5,7662 

62.5384 

5.8793 

57085.4 

10000. 

56,8301 

5.7673 

62.5974 

5,8723 

57673.0 

10100. 

56,8875 

5,7683 

62.6558 

5.8656 

5825<9.9 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g'^  “K'l  (or  “C"^  ) 

0.0078796 

joules  g °K  ^ (or  °C  ^ ) 

0.032968 

Btu  Ib'^  “R‘^  (or  °F'^) 

0.0078744 
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Table  A-78-1  Thermodynamic  Functions  for  K"*" 


T 

°K 

1 

0 

1 

oo 

H°  - H° 

S° 

C° 

P 

H°  - H° 

T 

T 

273,15 

31.5162 

4,9681 

36.4843 

4,9681 

1357. 1 

298.15 

31,9513 

4.9681 

36.9194 

4,9681 

1481.3 

1 nno. 

37.9635 

4.9681 

42.9317 

4,9681 

4968, 1 

lino. 

38.4370 

4.968  1 

43.4052 

4,9681 

5465.0 

12  0 0. 

38.8603 

4.9681 

43.8375 

4,9681 

8961.8 

1300. 

39,2670 

4.968  1 

44,2351 

4,9681 

6458,6 

1400. 

39.6352 

4,9681 

44.6033 

4,9681 

6955.4 

1500, 

39,9779 

4.9681 

44,9461 

4,9681 

7452.2 

1600. 

40,2986 

4.9681 

45,2667 

4,9681 

7940,0 

1700, 

40.5998 

4.9681 

45.5679 

4.9681 

8445^9 

1800. 

40,8837 

4.9681 

45.8519 

4,9681 

8942.7 

1900. 

41.1523 

4.9681 

46.1205 

4,9681 

9439.5 

2000. 

41.4072 

4.968  1 

46.3753 

4.9681 

9936.3 

2100, 

41 ,6496 

4.9681 

46,6177 

4,9681 

10433, 1 

2200, 

41,8807 

4.9681 

46,8488 

4,9681 

10929.9 

23  00. 

42,1015 

4.9681 

47.0697 

4,9681 

11426.7 

2400. 

42.3130 

4.9681 

47.2811 

4,9681 

11923.6 

2500. 

42.5158 

4.°68 1 

47,4839 

4,9681 

12420.4 

2600. 

42.7106 

4.9681 

47.6788 

4,9681 

12917.2 

27  00. 

42.8981 

4.9681 

47.8663 

4,9681 

13414.0 

2800. 

43.0788 

4.9681 

48,0^70 

4,9681 

13910.8 

2900. 

43.2532 

4.9681 

48.2213 

4,9681 

14407.6 

3000* 

43,4216 

4.968  1 

48,3897 

4,9681 

14904,4 

3100. 

43,5845 

4.9681 

48.5526 

4,9681 

15401.3 

32  00. 

43,7422 

4.9681 

CD 

O 

4,9681 

15898.1 

3300. 

43,8951 

4.9681 

48.8632 

4,9681 

16394.0 

34n0. 

44,0434 

4,968  1 

49.0116 

4,9681 

16891.7 

35oO. 

44,1874 

4,968  1 

49.1556 

4,9681 

17388.5 

36  00. 

44,3274 

4,9681 

49.2055 

4,9681 

17885.3 

37  00, 

44,4635 

4.9681 

49.4317 

4.9681 

18382.2 

3800. 

44 . 5960 

4.9681 

49.5641 

4,9681 

18879.0 

39n0» 

44,7250 

4.9681 

49.6932 

4,9681 

19375.8 

4000« 

44.85o8 

4.9681 

49.8190 

4,9681 

19872.6 

41  00. 

44,9735 

4.9681 

49,9417 

4,9681 

20369.4 

4200. 

45,0932 

4.9681 

50.0614 

4,9681 

20866.2 

43  00* 

45. 21ol 

4.9681 

50.1783 

4,9681 

21363.0 

4400. 

45,3243 

4.9681 

50.2025 

4,9681 

21859.9 

4500. 

45,4360 

4.9681 

50.4041 

4,9681 

22356.7 

4600. 

45.5452 

4.968  1 

50.5133 

4.9681 

22853.5 

47  00. 

45.6520 

4.9681 

50.6202 

4,9681 

23350.3 

4800. 

45,7566 

4,9681 

50,7248 

4,9681 

23847. 1 

4900. 

45.8591 

4.9681 

50,8272 

4.9681 

24343.9 

5000, 

45.9594 

4.9681 

50.9276 

4,9681 

24840.7 

5 100. 

46.0578 

4.9681 

51.0260 

4,9681 

25337.6 

5200, 

46,1543 

4.9681 

51.1224 

4,968  1 

25834.4 

5300, 

46.2489 

4.9681 

51.2171 

4,9681 

26331.2 

5400, 

46.3418 

4.9681 

51.3099 

4.9681 

26828.0 

5500. 

46,4330 

4.9681 

51.401] 

4,968  1 

27324.8 

5600. 

46.5225 

4.9681 

51.4906 

4.9681 

27821.6 

5700. 

46,61 04 

4.9681 

51.5786 

4,9681 

28318.5 

5800. 

46 .6968 

4.9681 

51.6650 

4,9681 

28815.3 

5900. 

46,7817 

4.9681 

51.7499 

4,9681 

29312.1 

6000. 

46.8652 

4.968  1 

51.8334 

4,9681 

29808.9 

6100, 

46,9474 

4.9681 

51.9155 

4,9681 

30305.7 

6200. 

47,0281 

4.9681 

51.9963 

4,9681 

30802.5 

6300. 

47.1076 

4.9681 

52.0758 

4,9681 

31299,3 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories 
units . 

moles  hnd  °K.  See 
The  atomic  weight  = 

reverse  side 
39.0995 

for 
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continued 


Table  A-78-1  Thermodynamic  Functions  for  K"*”  - 


T 

°K 

T 

H°  - H° 
T 

S° 

o 

o 

H°  - H° 

64no. 

47.1859 

4.9681 

52.1540 

4.9681 

31 796.2 

6500. 

47.2629 

4.9681 

52.2311 

4.9681 

3229^.0 

6600. 

47.3388 

4.9681 

52 . 3069 

4,9681 

32789.8 

6700. 

47.4134 

4.9681 

52.3816 

4.9681 

33286.6 

68  00. 

47.4871 

4.9681 

52.4552 

4.9681 

33783.4 

6900. 

47.5506 

4.9681 

52.5277 

4,9681 

34280,2 

7000. 

47.6311 

4.9681 

52.5992 

4.9681 

34777.0 

7100. 

47.7016 

4.9681 

52.6697 

4,9681 

35273.9 

72  00. 

47.7710 

4.9681 

52.7392 

4.9681 

35770.7 

73  00. 

47.8396 

4.9681 

52.8077 

4,9681 

36267,5 

7400. 

47.9072 

4.9681 

52.8753 

4.9681 

36764.3 

75oO. 

47.9739 

4.9681 

52.9420 

4,9681 

37261.1 

76o0. 

48.0397 

4.9681 

53.n078 

4,9681 

37757,9 

77  00. 

48.1046 

4.9681 

53.0727 

4.968  1 

38254.8 

78  00. 

48.1687 

^.9681 

53.1369 

4,9681 

38751.6 

79n0. 

48.2320 

4.9681 

53.2001 

4,9681 

39248.4 

8000. 

48,2945 

4.9681 

53.2626 

4,9681 

39745.2 

8100. 

48,3562 

4.9681 

53.3244 

4.0681 

40242. 0 

8200. 

48.4172 

4.9681 

53.3853 

4,9661 

40738.8 

8300. 

48.4774 

4.9681 

53.4455 

4.9681 

41 235.6 

8400. 

48.5369 

4.9681 

53.5050 

4,9681 

41732.5 

8500. 

48.5957 

4.9681 

53.5638 

4.9681 

42229.3 

8600. 

48.6538 

4.9681 

53.6219 

4,9681 

42726.1 

8700. 

48.7112 

4.968  1 

53,6794 

4,9681 

43222.9 

88  00. 

48,7680 

4.9681 

53.7362 

4,9681 

43719.7 

8900. 

48.8241 

4.9681 

53,7923 

4.9681 

44216.5 

9000. 

48.8797 

4.9681 

53.8478 

4.9681 

44713.3 

9100. 

48.9345 

4.9681 

53.9027 

4,9681 

45210.2 

9200. 

48.9888 

4.9681 

53.9570 

4,9681 

45707.0 

9300. 

49.0426 

4.9681 

54,0107 

4,9681 

46203.8 

9400. 

49.0957 

4.968  1 

54,0638 

4.9682 

46700.6 

95  00. 

49 ,1483 

4.9681 

54.1164 

4,9682 

47197.4 

9600. 

49,2003 

4.9681 

54.1684 

4,9682 

47694.2 

9700. 

49.2518 

4.9681 

•54.2199 

4,9682 

48191. ] 

9800. 

49.3027 

4.9681 

54.2709 

4.9682 

48687.9 

9900. 

49,3532 

4.0682 

54,3213 

4.9682 

49184.7 

loooo. 

49.4031 

4.9682 

54.3712 

4,0682 

49681 . 5 

loloo. 

49.4525 

4.9682 

54,4207 

4,9682 

50178.3 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

calg'^  (or  °C"M 

0.025576 

joules  g °K  ^ (or  “C  ^ ) 

0.10701 

Btu  lb‘^  °R‘^  (or  °F'^) 

0.025559 
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Table  A-79-1  Thermodynamic  Functions  for  Pb"*" 


T 

-(F°-H°) 

H°  - H° 

°K 

S° 

0 

1 

oo 

T 

T 

“P 

273.15 

37.8646 

4.9681 

42.8328 

4.9681 

1357. 1 

298.15 

38.2997 

4.9681 

43.2679 

4.968  1 

1481.3 

1000. 

44.3120 

4.9682 

49.2801 

4.9682 

4968.2 

1100. 

44.7855 

4.9682 

49 • 75  36 

4.9682 

5465.0 

1200. 

45.2178 

4.9682 

50.1859 

4.9682 

5961.8 

1300. 

45.6154 

4.9682 

50.5836 

4.9683 

6458.6 

lAOO. 

45.9836 

4.9632 

50.9518 

4 • 9686 

6955.5 

1500. 

46.3264 

4.9682 

51.2946 

4.9691 

7452.3 

1600. 

46.6470 

4.9683 

5 1.6153 

4.9702 

7949.3 

1700. 

46.9482 

4.9685 

51.9167 

4.9719 

8446.4 

1800. 

47.2322 

4.9687 

52.2010 

4.9747 

8943.7 

1900. 

47.5009 

4.9691 

52.4700 

4.9787 

9441.4 

2000. 

47.7558 

4.9696 

52.7255 

4.9844 

9939.5 

2100. 

47.9983 

4.9706 

52.9689 

4.9920 

10438.3 

2200. 

48.2295 

4.9718 

53.2014 

5.0019 

10938.0 

2300. 

48.4506 

4.9734 

53.4240 

5.0142 

11438.8 

2400. 

48.6623 

4.9754 

53.6377 

5.0292 

11940.9 

2500. 

48.8654 

4-.9779 

53.8433 

5 . 0470 

12444.7 

2600. 

49 • 060  7 

4.9809 

54.0417 

5.0676 

12950»4 

2700. 

49 . 2488 

4.9846 

54.2334 

5.0912 

13458.3 

2800. 

49.4301 

4.9888 

54.4190 

5.1176 

13968.7 

2900. 

49.6053 

4.9938 

54.5991 

5 . 1468 

14482.0 

3000. 

49.7747 

4.9994 

54.7741 

5.1787 

14998.2 

3100. 

49.9337 

5.0057 

54.9444 

5.2131 

15517.8 

3200. 

50.0977 

5.0128 

55.1105 

5.2497 

16040.9 

3300. 

50.2521 

5.0205 

55.2727 

5.2884 

16567.8 

3400. 

50.4021 

5.0290 

55.4311 

5.3290 

17098.6 

3500. 

50.5480 

5.0382 

55.5862 

5.3711 

17633.6 

3600. 

50.6901 

5 . 043  0 

55.7381 

5.4145 

18172.9 

3700. 

50.8285 

5.0585 

55.8871 

5.4589 

18716.6 

3800. 

50.9636 

5.0697 

56.0333 

5.5042 

19264. 7 

3900. 

51.0954 

5.0814 

56.1768 

5.5499 

19817.4 

4000. 

51.2242 

5.0937 

56.3179 

5.5960 

20374.7 

4100. 

51.3502 

5.1065 

56.4567 

5.6421 

20936.6 

4200. 

51.4734 

5.1198 

56.5932 

5.6881 

21503.1 

4300. 

51.5940 

5.1335 

56.7275 

5.7336 

22074. 2 

4400. 

51.7122 

5.1477 

56.8599 

5.7786 

22649.8 

4500. 

51.8280 

5.1622 

56.9902 

5.8229 

23229.9 

4600. 

51.9417 

5.1770 

57.1187 

5.8662 

23314.4 

4700. 

52.0532 

5.1922 

57.2453 

5.9085 

24403. 1 

4800. 

52.1626 

5.2075 

57.3701 

5.9496 

24996.0 

4900. 

52.2702 

5.2231 

57.4932 

5.9895 

25593.0 

5000. 

52.3758 

5.2388 

57.6146 

6.0279 

26193.9 

5100. 

52.4797 

5.2546 

57.7344 

6 • 0649 

26798.5 

5200. 

52.5819 

5.2705 

57.8525 

6 . 1004 

27406.8 

5300. 

52.6825 

5.2365 

57.9690 

6. 1343 

28018.6 

5400. 

52.7814 

5.3025 

58.0840 

6. 1666 

28633.6 

5 5 00. 

52.8789 

5. 3185 

58.1974 

6.1972 

29251.8 

5600. 

52.9749 

5.3345 

58.3093 

6.2262 

29873.0 

5700. 

53.0694 

5.3503 

58.4198 

6.2535 

30497.0 

5800. 

53.1626 

5.3661 

58.5287 

6.2791 

31123.6 

5900. 

53.2545 

5.3818 

58.6363 

6.3031 

31752.8 

6000. 

53.3451 

5.3974 

58.7424 

6.3255 

32384.2 

6100. 

5'3 .4344 

5.4128 

58.8471 

6.3462 

33017.8 

6200. 

53.5225 

5.4280 

58.9505 

6 • 3654 

33653.4 

6300. 

53.6095 

5.4430 

59.0525 

6.3830 

34290. 8 

The  tables 

are  in  units  of 

calories,  moles  and  °K.  See 

reverse  side 

for 

conversion 

factors  to  other 

units.  The 

atomic  weight  = 

207.21 
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Table  A-79-1  Thennodynamic  Functions  for  Pb'*'  - continued  ■ 


T 

°K 

T 

H°  - H° 
T 

6A00. 

53.6953 

5.4578 

65oO« 

53.7801 

5.4724 

6600# 

53.8637 

5.4868 

6700. 

53.9463 

5 .5009 

6800# 

54,0279 

5.5148 

6900. 

54.1085 

5.5284 

7000. 

54,1882 

5.5417 

7100. 

54.2669 

5.5546 

7200. 

54.3447 

5.5676 

7300. 

54.4216 

5.5802 

7400. 

54.4976 

5.5924 

7500. 

54.5727 

5 . 6044 

7600. 

54,6470 

5.6161 

7700. 

54.7205 

5.6275 

7800. 

54,7932 

5.6387 

7900. 

54.8651 

5.6495 

8000. 

54.9362 

5.6601 

8100. 

55.0066 

5.6705 

8200. 

55.0762 

5.6805 

8300. 

55.1452 

5.6903 

8400. 

55.2134 

5.6999 

8500. 

55.2809 

5.7092 

8600. 

55,3477 

5.7182 

8700. 

55.4139 

5.7270 

8800. 

55.4794 

5.7356 

8900. 

55,5442 

5.7440 

9000. 

55.6084 

5.7521 

9100. 

55.6720 

5.7600 

9200. 

55.7350 

5.7677 

9300. 

55.7974 

5.7752 

9400. 

55.8592 

5.7826 

9500. 

55.9205 

5.7897 

9600. 

55.9811 

5.7967 

9700. 

56.0412 

5.8035 

9800. 

56.1008 

5.8101 

9900. 

56,1598 

5.8166 

10000. 

56.2183 

5.8230 

10100. 

56.2763 

5.8292 

S° 

C° 

P 

H°  - H° 

59.1531 

6.3991 

34929.9 

59.2525 

6,4138 

35570.6 

59.3505 

6,4271 

36212.7 

59.4472 

6.4390 

36856. 0 

59.5427 

6.4496 

37500.4 

59.6369 

6,4590 

38 145.8 

59.7299 

6 . 46  7 1 

38792.2 

59.8217 

6,4742 

39439. 2 

59.9123 

6.4802 

40087.0 

60.0017 

6,4852 

40735.2 

60.0900 

6.4892 

41384.0 

60.1771 

6,4924 

42033. 1 

60.2631 

6.4947 

42682.4 

60.3480 

6.4963 

43332.0 

60.4319 

6.4972 

43981.7 

60.5146 

6 • 497  4 

44631.4 

60.5964 

6.4971 

45281. 1 

60.6771 

6.4962 

45930.8 

60.7568 

6.4949 

46580.4 

60.8355 

6 . 4932 

47229.8 

60.9132 

6.4911 

47879.0 

60.9900 

6.4887 

48528.0 

61.0659 

6.4861 

49176.7 

61.1409 

6.4833 

49825.2 

6 1.2150 

6.4803 

50473.4 

61.2882 

6.4773 

51121.2 

61.3605 

6,4742 

51768,8 

61.4321 

6.4712 

52416. 1 

61.5028 

6.4682 

53063. 1 

61.5727 

6,4653 

53709.7 

61 ,6418 

6.4625' 

54356. 1 

61.7102 

6.4600 

55002.2 

61.7778 

6.4577 

55648. 1 

61.8447 

6.4557 

56293.8 

61.9109 

6.4540 

56939.3 

61.9764 

6.4527 

57584.6 

62.0413 

6.4518 

58229. 8 

62.1055 

6 . 45  14 

58875.0 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g'^  °K'l  (or  °C‘^  ) 

.0048260 

joules  g ^ °K  ^ (or  °C  ^ ) 

.020192 

Btu  lb‘^  °R'^  (or  °F'^ 

.0048229 
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Table  A-80-1  Thermodynamic  Functions  for  Hg 


T 

°K 

-(F°-H°) 

T 

H°  - H° 
T 

S° 

o 

o 

H°  - H° 

273.15 

37,7681 

4.9681 

42.7363 

4,9681 

1357. 1 

298,15 

38,2032 

4.9681 

43.1714 

4,9681 

1481.3 

inoo. 

44,2155 

4.9681 

49,1836 

4,9681 

4968.1 

1100. 

44,6890 

4.9681 

49.6571 

4,9681 

5465.0 

1200. 

45,1213 

4.9681 

50.0894 

4,9681 

5961.8 

1300. 

45.5189 

4.9681 

50.4871 

4,9681 

6458.6 

1^00* 

45,8871 

4.9681 

5o#8553 

4,9681 

6955.4 

1500» 

46,2299 

4.968  1 

51.1980 

4,9681 

7452.2 

1600. 

46,5505 

4,9681 

51,5187 

4,9681 

7949.0 

1700» 

46.8517 

4.9681 

51.8199 

4,9681 

8445.9 

1800« 

47,1357 

4.9681 

52.1038 

4,9681 

8942,7 

1900. 

47,4043 

4,9681 

52.3725 

4,9681 

9439,5 

2000. 

47,6591 

4.9681 

52.6273 

4,9681 

9936.3 

2100. 

47.9015 

4.9681 

52,8697 

4,9682 

10433.1 

2200, 

48,1327 

4.9681 

53,1008 

4,9682 

10929.9 

2300. 

48,3535 

4.9681 

53,3217 

4,9682 

11426.7 

2400, 

48,5649 

4.9682 

53.5331 

4,9682 

11923.6 

2500. 

48,7678 

4,9682 

53.7359 

4,9682 

12420.4 

2600, 

48.9626 

4.9682 

53,9308 

4,9682 

12917,2 

2700. 

49,1501 

4.9682 

54.1183 

4,9682 

13414.0 

2800. 

49.3308 

4.9682 

54.2989 

4,9682 

13910.8 

2900. 

49,5051 

4.9682' 

54.4733 

4,9682 

14407,6 

3000. 

49,6736 

4.9682 

54,6417 

4,9682 

14904,5 

3100. 

49.8365 

4.9682 

54,8046 

4,9683 

15401,3 

3200. 

49.9942 

4,9682 

54,9624 

4,9683 

15898,1 

3300. 

50.1471 

4,9682 

55,1152 

4,9684 

16395,0 

3400, 

50.2954 

4.9682 

55,2636 

4,9686 

16891.8 

3500, 

50,4394 

4,9682 

55,4076 

4,9687 

17388.7 

3600. 

50,5794 

4,9682 

55,5476 

4,9690 

17885.5 

3700. 

50.7155 

4.9682 

55,6837 

4,9693 

18382.5 

3800. 

50,8480 

4.9683 

55.8162 

4,9697 

18879.4 

3900. 

50.9770 

4.9683 

55,9453 

4,9703 

19376.4 

4000. 

51,1028 

4.9684 

56,0712 

4,9709 

19873,5 

4100. 

51.2255 

4.9684 

56,1939 

4,9718 

20370,6 

4200. 

51,3452 

4.9685 

56,3138 

4.9728 

20867,8 

43  00, 

51.4621 

4,9686 

56.4308 

4,9740 

21365,2 

4400, 

51.5764 

4,9688 

56.5452 

4.9755 

21862,6 

4500. 

5 1,6880 

4.9690 

56,6570 

4,9773 

22360,3 

4600, 

51.7972 

4,9692 

56,7664 

4,9794 

22858,1 

4700, 

51,9041 

4,9694 

56,8735 

4,9818 

23356,2 

4800. 

52,0087 

4.9697 

56,9784 

4,9846 

23854,5 

4900, 

52,1112 

4. 9700 

57,0812 

4,9878 

24353, 1 

5000. 

52,2116 

4.9704 

57.1820 

4,9914 

24852,1 

5100. 

52.3101 

4,9709 

57,2809 

4,9956 

25351,4 

5200. 

52,4066 

4.9714 

57,3780 

5,0002 

25851,2 

5300. 

52,5013 

4.9720 

57,4733 

5,0054 

26351,5 

5400. 

52,5942 

4,9726 

57.5669 

5,0111 

26852,3 

55  00. 

52,6855 

4,9734 

57,6589 

5,0175 

27353,7 

5600. 

52,7751 

4,9743 

57.7494 

5,0245 

27855,8 

5700» 

52.8632 

4.9752 

57,8384 

5,0322 

28358,6 

5800. 

52,9497 

4,9763 

57,9259 

5,0406 

28862,3 

5900, 

53,0348 

4,9774 

58,0122 

5,0497 

29366,8 

6000, 

53,1184 

4,9787 

58,0971 

5,0595 

29872*2 

6100. 

53,2007 

4.9801 

58,1809 

5,0701 

30378,7 

6200, 

53,2817 

4.9817 

58,2634 

6*0815 

30886,3 

6300, 

53,3615 

4,9833 

58,3448 

5*0938 

31395,0 

The  tables 
conversion 

are  in  units  of 
factors  to  other 

calories, 

units. 

moles  and  °K.  See 
The  atonic  weight  = 

reverse  side 
200.61 

for 
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Table  A-80-1  Thermodynamic  Functions  for  Hg'''  - continued 


T 

H°  - H° 

H°  -2H° 

°K 

0 

S° 

T 

T 

p 

0 

6400. 

53.4400 

4.9852 

58.4251 

5 ,1068 

31905.1 

6500. 

53.5173 

4.9871 

58.5044 

5.1207 

32416.4 

6600. 

53.5934 

4.9893 

58,5827 

5.1355 

32929.2 

6700. 

53.6685 

4.°916 

58.6600 

5,1511 

33443.6 

6800. 

53.7424 

4.0940 

58 .736'^ 

5.1677 

33959.5 

6900. 

53.8154 

4.9967 

58,8120 

5.1851 

34477. 1 

7000. 

53.8873 

4,9995 

58,8868 

5,2034 

34996.5 

7100. 

53.9582 

5.0025 

58,9607 

5.2226 

35517.8 

7200. 

54.0282 

5 • *^05  7 

59,033° 

5,2428 

36041.1 

7300. 

54.0973 

5.^091 

59,1064 

5,2638 

36566,4 

7400. 

54,1654 

5.0127 

59,1781 

5.2858 

37093.9 

7500. 

54,2327 

5.0165 

59,2492 

5,3087 

37623.6 

76  00. 

54,2992 

5.0205 

59.3197 

5,3324 

38155.6 

7700. 

54,3649 

5.0247 

59.3896 

5,3572 

38690.  1 

7800. 

54,4297 

5.0291 

59.458° 

5,3828 

39227.1 

79  00. 

54.4938 

5.0338 

59.5276 

5,4093 

39766.7 

8 000. 

54,8572 

5.0386 

59.5958 

5.4367 

40309.0 

8100. 

54.6198 

5.0437 

59,6635 

5,4650 

40854. 1 

8200. 

54,6817 

5 . 0490 

59.7308 

5.4941 

41402.0 

8300. 

54.7430 

5,0546 

59,7975 

5.5242 

41952.9 

8400. 

54,8035 

5,0603 

59.8639 

5,5550 

42506.9 

8500. 

54,8635 

5 • 06  6 3 

59,9298 

5,5868 

43064.0 

86  00. 

54,9227 

5.0726 

59.9953 

5,6193 

43624.3 

87  00. 

54.9814 

5,0791 

60.0605 

5,6527 

44187.9 

88  00« 

55.0395 

5 . o8  58 

60.1253 

5.6869 

44754#  8 

89oO« 

55, o97o 

5.0927 

60.1897 

5,7219 

45325.3 

9000. 

55. 1540 

5,0999 

60.2539 

5.7577 

45899.2 

9100. 

55.2104 

5.1073 

60.3177 

5,7943 

46476.8 

92oO» 

55,2662 

5.1150 

60.3812 

5.8316 

47058.1 

9300. 

55.3216 

5.1229 

6 0 .4445 

5,8696 

47643.2 

9400. 

55.3764 

5.1311 

60.5075 

5.9084 

48232.1 

95  00. 

55.4307 

5.1395 

60.5702 

5.9479 

48824.9 

9600. 

‘S5  #4846 

5.1481 

60.6327 

5.9881 

49421.7 

9700. 

85,5380 

5.1570 

60.6949 

6,0290 

50022.5 

9800. 

55.5909 

5.1661 

60.7570 

6,0706 

50627.5 

9900. 

55,6434 

5.1754 

60.8188 

6,1128 

51236.7 

10000. 

55.6955 

5.1850 

60,8805 

6,1557 

51850. 1 

loioo. 

55,7471 

5.1948 

60.9420 

6,1992 

52467.8 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  g'l  (or  °C'^  ) 

0.0049848 

joules  g ^ °K  ^ (or  °C  ^ ) 

0,020856 

Btu  Ib'^  -R'^  (or  °F‘5 

0.0049815 

254 


254 


APPENDIX  B 


THERMODYNAMIC  FUNCTIONS  OF  THE  HYDRATES  OF  SODIUM, 
POTASSIUM,  AND  AMMONIUM  PENTABORATES 

by  George  T.  Furukawa  and  Martin  L.  Reilly 


As  a part  of  an  earlier  program  on  experimental  thermodynamic  inves- 
tigations of  boron  compounds,  heat-capacity  measurements  were  obtained 
on  sodium  pent aborate  pentahydrate  (NaB^Og* 5H2O) , potassium  pent abor ate 
tetrahydrate  (KB^0g*4H20) , and  ammonium  pent aborate  tetrahydrate 
(NH^Bc0g*4H20) . These  measurements  have  not  as  yet  been  published. 
Considering  that  these  compounds  should  be  of  interest  to  the  light- 
elements  program,  their  thermodynamic  functions  from  0°  to  370°K  are 
herewith  given.  The  gram-formula  masses  used  for  these  compounds  are 
one-half  of  those  often  used.  The  values  for  NaBc0g*5H20  are  given 
only  to  345°K  because  of  a possible  dehydration  tnat  was  observed 
above  this  temperature. 

The  numbering  of  these  tables  is  continuous  with  the  tables  given 
in  the  earlier  NBS  Reports  6928  and  7093*  No  table  of  this  report 
replaces  or  duplicates  a table  of  any  previous  report. 
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TABLE  B-55 


THERMODYNAMIC  FUNCTIONS  FOR  SODIUM  PENTABORATE  PENTAHYDRATE  (NA  B.0„.5H,0  ) 

1?  o c 


SOLID  PHASE 


GRAM  MOLECULAR  WT. =295. 171  GRAMS 

T DEG  K = 273.15  + T DEG  C 


1 CAL=A.18A0  ABS  J 


T 

-(F°-H°)/T 

(hJ-hJi/t 

0 0 
(St-Sq) 

(H°-H°) 

-(fJ-h°) 

DEG  K 

CAL 

CAL 

CAL 

CAL 

CAL 

CAL 

DEG  MOLE 

DEG  MOLE 

DEG  MOLE 

MOLE 

DEG  MOLE 

MOLE 

0.00 

0.0000 

0.0000 

0.000 

0.000 

0.000 

0 . 000 

5.00 

0.0061 

0.0181 

0.024 

0.090 

0.072 

0.030 

10.00 

0.0482 

0 . 1445 

0.193 

1.445 

0.577 

0 . 482 

15.00 

0.1615 

0.4761 

0.638 

7.141 

1.831 

2.423 

20.00 

0.3703 

1.0339 

1.404 

20.678 

3.610 

7.405 

25.00 

0.6749 

1.7441 

2.419 

43.602 

5.600 

16.873 

30.00 

1.0642 

2.5674 

3.632 

77.024 

7.782 

31.926 

35.00 

1.5271 

3.4737 

5.001 

121.58 

10.060 

53.449 

AC. 00 

2.0535 

4.4383 

6.492 

177. 53 

12.317 

82. 139 

A5.00 

2.6336 

5.4381 

8.072 

244.72 

14.548 

118.52 

50.00 

3.2593 

6.4598 

9.719 

322.99 

16.755 

162.97 

55.00 

3.9238 

7.4926 

11.416 

412.09 

18.873 

215.80 

60.00 

4.6200 

8.5277 

13.148 

511.66 

20.951 

277.20 

65.00 

5.3435 

9.5621 

14.906 

621.53 

22.983 

347.32 

70.00 

6.0899 

10.588 

16.678 

741.20 

24.859 

426.29 

75.00 

6.8549 

11.601 

18.456 

870.08 

26.667 

514. 13 

80.00 

7.6355 

12.601 

20.236 

1008 . 1 

28.504 

610.85 

85.00 

8.4293 

13.590 

22.019 

1155.2 

30.327 

716.49 

90.00 

9.2337 

14.567 

23.801 

1311.0 

32.008 

831.05 

95.00 

10.047 

15.526 

25.574 

1475.0 

33.566 

954.47 

100.00 

10.868 

16.467 

27.335 

1646.7 

35.112 

1086.8 

105.00 

11.693 

17.391 

29.085 

1826.1 

36.644 

1227.8 

110.00 

12.523 

18.301 

30.825 

2013.1 

38.162 

1377.6 

115.00 

13.357 

19.197 

32.555 

2207.7 

39.668 

1536.0 

120.00 

14. 193 

20.081 

34.273 

2409.7 

41.142 

1703. 1 

125.00 

15.030 

20.953 

35.982 

2619.0 

42.605 

1878.6 

130.00 

15.869 

21.814 

37.682 

2835.8 

44.056 

2062.9 

135.00 

16.708 

22.664 

39.371 

3059.8 

45.490 

2255.6 

1 AO.OO 

17.547 

23.505 

41.052 

3290.6 

46.910 

2456.7 

1A5.00 

18.387 

24.336 

42.722 

3528.7 

48.315 

2666. 1 

150.00 

19.226 

25.158 

44.383 

3773.9 

49.711 

2883.8 

155.00 

20.064 

25.973 

46.037 

4025.8 

51.099 

3109.9 

160.00 

20.901 

26.781 

47.682 

4284,7 

52.474 

3344.2 

165.00 

21.738 

27.579 

49.316 

4550.4 

53.829 

3586.8 

170.00 

22.573 

28.370 

50.944 

4823.1 

55.179 

3837.2 

175.00 

23.406 

29.156 

52.562' 

5102.3 

56.532 

4096. 1 

180.00 

24.238 

29.935 

54.173 

5388.4 

57.880 

4363.0 

185.00 

25.069 

30.710 

55.779 

5681.2 

59.221 

4637.9 

190.00 

25.899 

31.477 

57.376 

5980.6 

60.614 

4920.7 

195.00 

26.726 

32.244 

58.970 

6287.5 

62.101 

5211.5 

200.00 

27.553 

33.009 

60.562 

660  1 . 6 

63.602 

5510.5 

205.00 

28.377 

33.774 

62.149 

6923.5 

65.100 

5817.2 

210.00 

29.199 

34.536 

63.736 

7252.4 

66.491 

6131.9 

215.00 

30.022 

35.294 

65.315 

7588.4 

67.844 

6454.6 

220.00 

30.841 

36.049 

66.891 

7930.9 

69.180 

6785.  1 

225.00 

31.659 

36.800 

68.461 

8280.1 

70.516 

7123.3 

230.00 

32.476 

37.548 

70.024 

8636.0 

71.843 

7469.6 

235.00 

33.291 

38.291 

71.585 

8998.6 

73.164 

7 82  3-.  6 

240.00 

34.106 

39.032 

73.138 

9367.6 

74.479 

8185.5 

245.00 

34.919 

39.768 

74.687 

9743.3 

75.786 

8555 . 0 

250.00 

35.729 

40.502 

76.231 

10125 . 

77.089 

8932.4 

255.00 

36.539 

41.233 

77.770 

10514. 

78.384 

9317.4 

260.00 

37.347 

41.960 

79.304 

10909  . 

79.675 

9710. 1 

,265.00 

38.152 

42.682 

80.834 

11311. 

80.958 

10110. 

270.00 

38.958 

43.403 

82.361 

11719. 

82.235 

10518. 

273.15 

39.462 

43.855 

83.320 

11979. 

83.035 

10779. 

275.00 

39.761 

44.120 

83.881 

12133  . 

83.506 

10934. 

280.00 

40.562 

44.835 

85.397. 

12554. 

84.771 

11357. 

285.00 

41.362 

45.547 

86.910 

12981  . 

86.028 

11788. 

290.00 

42.161 

46.257 

88.415 

13414. 

87.287 

12226. 

295.00 

42.957 

46.962 

89.919 

13854. 

88.516 

12672. 

298. 15 

43.458 

47.404 

90.863 

14134. 

89.295 

12957. 

300.00 

43.752 

47.665 

91.417 

14299. 

89.756 

13125. 

HX  AND  Sn  APPLY  TO  THE  REFERENCE  STATE  OF  THE  SOLID  AT  ZERO  DEG  K 
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TABLE  B-55  (CONT.) 


SOLID  PHASE 


GRAM  MOLECULAR  WT. =295. 171  GRAMS 

T DEG  K = 273.15  + T DEG  C 


1 CAL=4.1840  ABS  J 


T 

^0  0^ 
-(  F-j--Hq  ) /T 

0 0 

(H^-Hq  )/T 

0 0 
(St-Sc> 

0 0 
(Ht  Hq) 

-(F°-hJ 

CAL 

CAL 

cal 

CAL 

CAL 

CAL 

DEG  K 

DEG  MOLE 

DEG  MOLE 

DEG  MOLE 

MOLE 

DEG  MOLE 

MOLE 

300.00 

43.752 

47.665 

91.417 

14299. 

89.756 

13125. 

305.00 

44. 546 

48.365 

92.911 

14731 . 

91.001 

13586. 

3 1C. 00 

45.337 

49.063 

94.400 

15209. 

92.251 

14054. 

315.00 

46.128 

49.759 

95.887 

15674. 

93.509 

14530. 

320.00 

46.917 

50.452 

97.369 

16145  . 

94.783 

15013. 

325.00 

47.706 

51.145 

98.848 

16622  . 

96.087 

15504. 

330.00 

48.489 

51.836 

100.33 

17105. 

97.419 

16002. 

335.00 

49.276 

52.526 

101.80 

17596. 

98.786 

16507. 

340.00 

50.057 

53.217 

103.27 

18093. 

100.17 

17020. 

345.00 

50.841 

53.905 

104.75 

18598. 

101.54 

,17540. 

Hg  AND  sg  APPLY  TO  THE  REFERENCE  STATE  OF  THE  SOLID  AT  ZERO  DEG  K 
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TABLE  B-56 


THERMODYNAMIC  FUNCTIONS  FOR  POTASSIUM  PENTABORATE  TETRAHYDRATE  (K  B^Oq.AH^O  ) 


SOLID  PHASE 


GRAM  MOLECULAR  WT. =293.264  GRAMS 

T DEG  K = 273.15  + T DEG  C 


CAL=4.1840  ABS  J 


0 0 

0 0 

0 0 

0 0 

^0 

^0  0 

T 

-( F^-Hq ) /T 

(Hj-Hg) /T 

(Sj-Sg) 

(Ht  Hg) 

^P 

(Ft  Hg) 

DEG  K 

CAL 

CAL 

__CAL 

cal_ 

CAL_ 

CAL_ 

DEG  MOLE 

DEC  MOLE 

DEG  MOLE 

MOLE 

DEG  MOLE 

MOLE 

0.00 

O.COOO 

0.0000 

0.000 

0.000 

0.000 

0.000 

5.00 

0.C062 

0.0184 

0.025 

0.092 

0.074 

0.031 

10.00 

0.0492 

0.1473 

0.196 

1.473 

0.588 

0.492 

15.00 

0.1648 

0.4870 

0.652 

7.304 

1.881 

2.473 

20.00 

0.3793 

1.0689 

1.448 

21.378 

3.815 

7.585 

25.00 

0.6973 

1.3355 

2.533 

45.887 

6.033 

17.432 

30.00 

1.1097 

2.7342 

3.844 

82.027 

8.435 

33.291 

35.00 

1.6047 

3.7263 

5.331 

130.42 

10.931 

56. 164 

40.00 

2.1706 

4.7804 

6.951 

191.22 

13.373 

86.824 

45.00 

2.7961 

5.8681 

8.664 

264.05 

15.751 

125.83 

50.00 

3.4716 

6.9716 

10.443 

348 .57 

18.033 

173.57 

55.00 

4.1879 

8.0758 

12.264 

444.17 

20.181 

230.33 

60.00 

4.9376 

9.1683 

14.106 

550.10 

22.172 

296.25 

65.00 

5.7139 

10.243 

15.957 

665.77 

24.075 

371.41 

70.00 

6.5117 

11.293 

17.804 

790.46 

25.782 

455.81 

75.00 

7.3258 

12.313 

19.639 

923.49 

27.419 

549.43 

80.00 

8.1522 

13.307 

21.460 

1064.6 

29.013 

652.17 

85.00 

8.9883 

14.278 

23.266 

1213.6 

30.576 

764.01 

90.00 

9.8313 

15.223 

25.055 

1370.1 

31.981 

884.82 

95.00 

10.679 

16.140 

26.319 

1533.3 

33.322 

1014.5 

100.00 

11.530 

17.032 

28.561 

1703.2 

34.634 

1153.0 

105.00 

12.382 

17.901 

30.282 

1879.6 

35.923 

1300.1 

110.00 

13.234 

18.749 

31.984 

2062.4 

37.187 

1455.8 

115.00 

14.086 

19.578 

33.664 

2251.5 

38.425 

1619.9 

120.00 

14.936 

20.389 

35.325 

2446.7 

39.641 

1792.4 

125.00 

15.785 

21.183 

36.967 

^647.9 

40.848 

1973.1 

130.00 

16.631 

21.962 

38.592 

2855.2 

42.046 

2162.0 

135.00 

17.474 

22.728 

40.203 

3063.4 

43.239 

2359.0 

140.00 

18.315 

23.482 

41.797 

3287.5 

44.424 

2564.  1 

145.00 

19.152 

24.226 

43.375 

3512.7 

45.607 

2777.0 

150.00 

19.985 

24.957 

44.943 

3743.5 

46.778 

2997.8 

155.00 

20.815 

25.679 

46.494 

3980.4 

47.942 

3226.3 

160.00 

21.642 

26.393 

48.035 

4223.0 

49.097 

3462.7 

165.00 

22.465 

27.098 

49.563 

4471.3 

50.246 

3706.7 

170.00 

23.284 

27.796 

51.080 

4725.4 

51.384 

3958.4 

175.00 

24.099 

28.487 

52.586 

4985.2 

52.517 

4217.5 

180.00 

24.912 

29.171 

54.082 

5250.5 

53.638 

4484.2 

185.00 

25.719 

29.847 

55.566 

5521.5 

54.754 

4758.4 

190.00 

26.525 

30.516 

57.041 

5798.0 

55.860 

5039.7 

195.00 

27.326 

31.181 

58.506 

6080.1 

56.965 

5328.6 

200.00 

28.124 

31.838 

59.962 

6367.6 

58 .064 

5624.8 

205.00 

28.917 

32.490 

61.410 

6660.9 

59.166 

5928.3 

210.00 

29.708 

33.141 

62.849 

6959.4 

60.270 

6239.0 

215.00 

30.497 

33.783 

64.281 

7263.4 

61.374 

6556.6 

220.00 

31.281 

34.424 

65.703 

7573.1 

62.474 

6881.7 

225.00 

32.060 

35.057 

67.120 

7888.1 

63.568 

7213.7 

230.00 

32.839 

.35.691 

68.528 

8208.7 

64.658 

7552.8 

235.00 

33.614 

36.317 

69.931 

8534.7 

65.746 

7899.1 

240.00 

34.383 

36.943 

71.326 

8866.2 

66.826 

8252.2 

245.00 

35.153 

37.562 

72.715 

9202.9 

67.902 

8612.3 

250.00 

35.918 

38.181 

74.099 

9545.2 

68.972 

8979.4 

255.00 

36.680 

38.795 

75.473 

9892.7 

70.036 

9353.3 

260.00 

37.438 

39.405 

76.845 

10245  . 

71.095 

9734.0 

265.00 

38.196 

40.014 

78.210 

10604. 

72.149 

10122. 

270.00 

38.948 

40.619 

79.567 

10967. 

73.198 

10516. 

273.15 

39.422 

40.999 

80.421 

11199. 

73.855 

10768. 

275.00 

39.699 

41.221 

80.922 

11336. 

74.240 

10917. 

280.00 

40.447 

• 41.819 

82.266 

11709. 

75.277 

11325. 

285.00 

41.193 

42.416 

83.609 

12088  . 

76.310 

11740. 

290.00 

41.936 

43.009 

84.945 

12473. 

77.337 

12161. 

295.00 

42.677 

43.599 

86.276 

12862. 

78.353 

12589. 

298.15 

43.141 

43.970 

87.110 

13109. 

78.999 

12863. 

300.00 

43.413 

44.187 

87.600 

13256. 

79.376 

13024. 

Hg  And  s°  apply  to  the  reference  state  of  the  solid  at  zero  ueg  k 
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TABLE  B-56  (CONT.) 


THERMODYNAMIC  FUNCTIONS  FOR  POTASSIUM  PENTABORATE  TETRAHYDRATE  (K  d^Ug.AH^O  ) 


SOLID  PHASE 

GRAM  MOLECULAR  WT. =293. 264  GRAMS  1 CAL=4.1840  ABS  J 


T DEG  K 

= 273.15  + 

T DEG  C 

T 

0 0 

-lEj-Hg) /T 

0 0 

(Hj-Hg ) /T 

0 0 
(St-Sq) 

o o 
I 
1 

O l~ 
X 

O Q. 

^0  0 
-(Ft-Hq 

DEG  K 

CAL 

CAL 

CAL 

cal_ 

CAL 

CAL_ 

DEG  MOLE 

DEG  MOLE 

DEG  MOLE 

MOLE 

DEG  MULE 

MOLE 

300.00 

43.413 

44.187 

87.600 

13256. 

79.376 

13024. 

305.00 

44. 149 

44.773 

88.922 

13656. 

80.387 

13465. 

310.00 

44.883 

45.354 

90.237 

14060. 

81.396 

13913-. 

315.00 

45.612 

45.935 

91.546 

14469. 

82.400 

14368. 

320.00 

46.341 

46.513 

92.851 

14384. 

83.399 

14829. 

325.00 

47.065 

47.087 

94.154 

15303. 

84.391 

15296. 

330.00 

47.789 

47.660 

95.449 

15728. 

85.378 

15770. 

335.00 

48.511 

48.231 

96.740 

16157. 

86.360 

16251. 

340.00 

49.228 

48.798 

98.026 

16591  . 

87.335 

16738. 

345.00 

49.945 

49.364 

99.309 

17031  . 

88.305 

17231. 

350.00 

50.660 

49.926 

100.59 

17474. 

89.271 

17731. 

355.00 

51.372 

50.468 

101.86 

17923. 

90.232 

18237. 

360.00 

52.082 

51.047 

103.13 

18377. 

91.185 

18749. 

365.00 

52.789 

51.604 

104.39 

13635. 

92.134 

19268. 

370. oO 

53.494 

52.156 

105.65 

19298. 

93.076 

19793. 

H§  AND  S§  APPLY  TO  THE  REFERENCE  STATE  OF  THE  SOLID  AT  ZERO  DEG  K. 
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TABLE  B-57 


THERMODYNAMIC  FUNCTIONS  FOR  AMMONIUM  PENTABORATE  TETRAHYDRATE  (N  H,B,0„.4H,0  ) 

A p 0 i. 

SOLID  PHASE 


GRAM  MOLECULAR  WT.=272.20A  GRAMS  1 CAL=A.18A0  ABS  J 


T DEG  K 

= 273.  15  + 

T DEG  C 

^0  0^ 

0 0 

0 0 

0 0 

0 

0 0 

T 

-IF^-Hq)/! 

(H^-Hq ) /T 

(St-Sq) 

(Ht-Ho) 

s 

-(F^-H°) 

DEG  K 

CAL 

CAL 

__£al___ 

CAL_ 

CAL 

cal_ 

DEG  MOLE 

DEG  MOLE 

DEG  MOLE 

MOLE 

DEG  MOLE 

MOLE 

0.00 

0.0000 

0.0000 

0.000 

0 . coo 

0.000 

0.000 

5.00 

0.0062 

C.0193 

0.026 

0.097 

0.078 

0.031 

10.00 

0.C517 

0.1561 

0.208 

1.561 

0.623 

0.517 

15.00 

C. 17A0 

0.513A 

0.687 

7.701 

1.966 

2.610 

20.00 

0.3987 

1.1136 

1.512 

22.272 

3.917 

7.974 

25.00 

0.7277 

1.8866 

2.614 

47.165 

6.099 

18.191 

30.00 

1. 1A97 

2.7892 

3.939 

83.678 

8,536 

34.491 

35.00 

1.6538 

3.7913 

5 . 445 

132.70 

11.085 

57.384 

AO. 00 

2.229A 

A. 8633 

7.093 

194.53 

13.634 

89.178 

A5.00 

2.8662 

5.9766 

8.843 

268.95 

16.121 

128.98 

50.00 

3. 55A5 

7.1123 

10.667 

355.62 

18.5,30 

177.73 

55.00 

4.2861 

8.2557 

12.542 

454 . 06 

20.826 

235,73 

60.00 

5.0533 

9.3951 

14. 446 

563,70 

23.012 

303.20 

65.00 

5.8A99 

10.52A 

16.374 

684 . 06 

25,103 

380.23 

70.00 

6.6707 

11.632 

18.303 

814.27 

26.950 

466 , 95 

75.00 

7.5103 

12.713 

20.223 

953.49 

28.736 

563.26 

80.00 

8.36A5 

13.771 

22.136 

1101.7 

30 . 543 

669  o 1 7 

85.00 

9.2306 

1A.807 

24.037 

1258.6 

32.204 

784  « 61 

90.00 

10.106 

15.820 

25.925 

1423.8 

33.853 

909.51 

95.00 

10.988 

16.810 

27.796 

1596.9 

35.397 

1043.8 

100.00 

11.875 

17.776 

29.651 

1777.6 

36.891 

1187.5 

105.00 

12.765 

18.722 

31.487 

1965.8 

38.358 

1340.3 

110.00 

13.657 

19.6A7 

33.305 

2161.2 

39.804 

1502.3 

115.00 

1A.551 

20.55A 

35.105 

2363.8 

41.219 

1673.3 

120.00 

1 5 « A AA 

21.AA5 

36.888 

2173.4 

42.615 

1853.3 

125.00 

16.337 

22.319 

38.657 

2789.9 

43.996 

2042.2 

130.00 

17,230 

23.179 

40.409 

3013.4 

45.363 

2239.9 

135.00 

18.120 

2A.025 

42.146 

3243.5 

46.716 

2446.2 

lAO.OO 

19.009 

2A.859 

43.870 

3480.4 

43.052 

2661.3 

1A5.00 

19.896 

25.68A 

45.578 

3723.9 

49.376 

2885.0 

150.00 

20.780 

26.A9A 

47.275 

3974.2 

50 . 684 

3117.1 

155.00 

21.662 

27.29A 

48.958 

4230.9 

51.981 

3357.6 

160.00 

22.5A1 

28.088 

50.629 

4494.0 

53.265 

3606 . 6 

165.00 

23.A18 

28.870 

52.237 

4763.4 

54.534 

3864.0 

170.00 

2A.290 

29.6A1 

53.934 

5039.2 

55.762 

4129.5 

175.00 

25.163 

30.406 

55.569 

5321.2 

57.039 

4403,2 

18C.C0 

26.028 

31. 16A 

57. 192 

5609.5 

58.272 

4685 . 2 

185.00 

26.893 

31.912 

58.805 

5903.9 

59.491 

4975.1 

190.00 

27.753 

32.655 

60.409 

6204.3 

60.700 

5273.2 

195.00 

28.611 

33.389 

62.000 

6510.8 

61.895 

5579.1 

200.00 

29.A65 

3A.  1 16 

63.583 

682  3.4 

63.078 

5893.2 

205.00 

30.318 

3A.837 

65.155 

7141.7 

64.254 

6215.1 

210.00 

31.166 

35.552 

66.716 

7465.8 

65.416 

6544. 7 

215.00 

32.010 

36.260 

68.270 

7795.9 

66.587 

6382.2 

220.00 

32.851 

36,962 

69.814 

8131.7 

67.756 

7227.3 

225.00 

33.690 

37.660 

71.350 

3473.5 

68.924 

7560.3 

230.00 

3A. 52A 

38.351 

72.878 

8821 .0 

70.038 

7941.0 

235.00 

35.359 

39.039 

74.398 

9174.2 

71.243 

8309.0 

2A0.00 

36.188 

39.723 

75.903 

9533.5 

72.402 

3664.8 

2A5.00 

37.012 

A0.A02 

77.414 

9898.2 

73.437 

9068,1 

250.00 

37,635 

41.076 

78.910 

10269  . 

74.694 

9458.9 

255.00 

38.657 

A 1 , 7 45 

80.402 

10645. 

75.829 

9357.3 

260.00 

39.A72 

42.412 

81.886 

11027. 

76.960 

10263. 

265.00 

AO. 287 

43. 074 

83.363 

11415. 

78.081 

10676. 

270.00 

A1 .099 

43.733 

84.833 

11808. 

79.197 

11097. 

273.15 

A1.609 

44.147 

85.755 

12059. 

79.894 

11365  . 

275. uO 

A1.907 

44.388 

86.295 

12207. 

80.306 

11524. 

280.00 

A2.713 

45.038 

87.751 

12611  . 

8 1.408 

11959. 

285.00 

43.516 

45.686 

89.202 

13021  . 

82.502 

12402. 

290.00 

AA.316 

46.331 

90.648 

13436. 

83.592 

12852. 

295.00 

A5. 112 

46.972 

92.084 

13857. 

84.677 

13308. 

298.15 

A 5 , 6 1 A 

47.373 

92.988 

14125. 

85.356 

13600. 

300.00 

A5.908 

47.610 

93.518 

14283. 

85.753 

13772. 

H®  AND  S°  APPLY  TO  THE  REFERENCE  STATE  OF  THE  SOLID  AT  ZERO  DEG  K 
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TABLE  B-57  (CONT.) 


THERMODYNAMIC  FUNCTIONS  FOR  AMMONIUM  PENTABORATE  TETRAHYDRATE  IN  H,B,0„.AH,0  ) 

ASS  2 


SOLID  PHASE 


GRAM  MOLECULAR  WT.=272.20A  GRAMS  1 CAL=A.rSA0  AbS  J 

T DEG  K = 273.15  + f DEG  C 


T 

0 0 

-(F^-Hq)/T 

0 0 

(H-^-Hq  ) /T 

0 0 
(St-Sq) 

0 0 
(H^-Hq) 

c? 

0 0 
-(F.t-Ho 

CAL 

CAL 

CAL 

CAL_ 

CAL 

CAL_ 

DEG  K 

DEG  MOLE 

DEG  MOLE 

DEG  MOLE 

MOLE 

DEG  MOLE 

MOLE 

300.00 

45.908 

47.610 

93.518 

14283. 

85.753 

13772. 

305.00 

46.699 

48.243 

94.943 

14714. 

86.824 

14244. 

310.00 

47.490 

48.874 

96.365 

15151 . 

87.890 

14722. 

315.00 

48.277 

49.503 

97.780 

15593. 

88.946 

15207. 

320.00 

49.061 

50.127 

99.187 

16040. 

90.000 

15700. 

325.00 

49.842 

50.748 

100.59 

16493  . 

91.047 

16199. 

330.00 

50.621 

51.367 

101.99 

16951  . 

92.086 

16706. 

335.00 

51.401 

51.981 

103.38 

17414. 

93.129 

17219. 

340.00 

52.175 

52.596 

104.77 

17882. 

94.161 

17739. 

345.00 

52.947 

53.205 

106.15 

18S56. 

95.194 

18266. 

350.00 

53.717 

53.312 

107.53 

18834. 

96.226 

18801. 

355.00 

54.484 

54.417 

108.90 

19318. 

97.259 

19342. 

360.00 

55.249 

55.019 

110.27 

19307. 

98.301 

19890. 

365.00 

56.013 

55.619 

111.63 

20301  . 

99.360 

20445. 

370.00 

56.773 

56.217 

112.99 

20800. 

100.45 

21006. 

H§  AND  S§  APPLY  TO  THE  REFERENCE  STATE  OF  THE  SOLID  AT  ZERO  DEG  K 


USCQMTWTBS-DC 


261 


GPO  9 208  32 


